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SKETCH OF PUNJAB GEOLOGY. 


Note* —The following Sketch of the Geology of the Punjab teas 
kindly prepared by Mr. II. 13. Medlicott , then Director of the Geological 
Survey of India, for insertion in the Punjab Gazetteer. Unforeseen 
circumstances delayed the publication of the Provincial Volume of the 
work ; but the Sketch as it now stands teas in the hands of the 
Editor in November , 1883. 


SECTION A.-INTRODUOTORY. 

Geological agencies being so slow in operation when compared 
with the life or the history of man, it is no wonder that the 
configuration of the earth's surface or of separate countries lias been 
treated as a fixture, and described from that point of view as 
geography. This is of course unavoidable when more portraiture 
is concerned, a 3 in maps, but it is no longer fitting that in the 
verbal description of the varied features of the ground surface no 
mention should be made of their mode of formation and history. 
Rational geography must, therefore introduce geological considera¬ 
tions. Geography, in fact, apart from mere topography, becomes a 
corollary to geology. 

There need ho no objection to this suggestion on the score of 
difficulty ; for, the initial' postulates of geology being based upon 
facts of universal experience, the statements involved in such 
geographical descriptions must bo perfectly intelligible to any one, 
even though at first sight the credibility of them may bo questioned. 
Those postulates can bo enunciated iu the briefest form : geologists 
affirm that stratified rocks were formed as we now see deposits 
accumulating by the action of water; while volcanoes (active or 
extinct) offer an equally safe standard of identification tor all the 
remaining forms of rock ; also, that the inequalities of the earth s 
surface were primarily tunned by actual upheavals and depressions, 
whether in broad areas with little fracture of the rooks, or eou- 
"«*ntrated along certain linos with intense contortion of tho strata. 

True mountains tJ belong to this latter kind of disturbance. .Actual 
asoa of local upheavals and depressions have boon witnessed am! 
-a measured. Finally, the sculpturing of the raised areas ia visibly 
the result of wear and tear by Atmospheric waters. 

The agreement i m plied by tho foregoing statements between 
TQOgraphioftl and geological features is very decided in tho demnr- 
-uti-m of main regions; while it buoomoj rapidly less so as wo go 
nto geological details. For instance, a mountain mass composed 
>f very similar rocks may comprise sovoral distinct formations, but 
his fact has no aignifiennon ill tho geographical feature; ol this 
hero will bo ubtiutlttul examples iu tho sequel; wo have to begin 
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with tlie leading features of agreement. India lias been separated 
as regards its rock surface into two great divisions, the peninsular 
and the extra-peninsular; the great intervening plains forming a 
third region of comparatively insignificant importance in geological 
history. Tile Punjab bolds ground in all three divisions. 

A very large proportion of the Punjab lies within the Indo-Gau- 
getic plains, which continue south-westwards through Sind to the 
Arabian Sea, and south-eastwards through the North-West Provinces, 
Behar, and Bengal to the Bay of Bengal. In the broad angle thus 
formed the plains rise gently southwards, through Rajpdtana, to 
the flanks of the Aravali hills which form the north-western region 
of the peninsular rock area, some small outliers occurring within tho 
Punjab.irr Delhi and Hissar. Northwards, tho plains rise to what 
may be cailed their outer margin, where the extra-peninsular rocks 
rise abruptly into steep and high hills, very rarely having any 
stragglers within tho alluvial area. 


The peninsular and extra-peninsular regions so well defined by 
the intervening plains are also distinguished by marked characters 
peculiar to each area. The peninsula is a great block of land which 
has through a long lapse of ages undergone only very partial and 
local disturbance, and all its later sedimentary rocks, including some 
of high antiquity, are distinctively freshwater or subajrial deposits ; 
whereas the extra-peninsular rocks, except the later tertiaries, are 
marine deposits, and even the newest tertiary beds have everywhere 
undergone extensive disturbance along regular lines of upheaval. 
Thus in its present general outlines the whole of the latter region 
belongs approximately to one aud tho same age, and is markedly 
newer than the former. This distinction is clearly betrayed in tho 
fact, already indicated, that the plaius' deposits have spread amongst 
and isolated the worn-down remnants of the Aravali rocks, while 
they stop short against the continuous lines of upheaval of the extra- 
penintular area. 

With respect to the extra-peninsular area, the Punjab occupies 
a peculiar position—iu the angle where the lines of mountain 
upheaval undergo complete and abrupt changes of direction. On the 
north-east tho Himalayan axes with a north-westerly trend run very 
steadily up to the Jhelum; while on the w r est the axes of the 
Sulem&n maintain a northerly direction up to the Kurram river. In 
tho block between these two dominant systems we find ranges ot 
devious trend in which an east-west course prevails, corresponding t< 
that of the Sufed Koh iu Afghanistan; of this group the >Sal 
Range is the best known example. 

Such total and sudden changes of direction in great lineR of 
contortion, belonging more or loss to the same period of disturbance, 
has boon a point of some theoretical difficulty in view of certain 
hypotheses which would require synchronous disturbances to he in 
parallel directions. Tho question can best be noticed hero, ns it 
concerns each of the three main divisions of our ground. This 
feature of direction is nowhere so conspicuous as where its limits 
uro defined along the odgo of tho groat plains, and soeins most 




probable that the explanation of the difficulty is to bo found in the 
form of the more ancient land of the peninsular area. It is now ^ non J lelism 
generally understood that the crushing of strata resulting in the ofitg ,£ oan tuin 

upheaval of mountains is duo to tangential pressure in the earth's ranges discussed, 
crust caused by the shrinkage of the interior, so that tho unsup¬ 
ported weight is converted by the earth’s curvature into horizontal 
thrust. This may find relief in several ways : by slight warping 
of the curvature, producing the elevation and depression of largo 
areas; or by slight compacting of the rocks, with local disturbance 
at many places over a large area; but it is certain that it sometimes 
settles into great flexures of the strata where most susceptible to 
compression, and this implies a greater strength of resistance in 
the adjoining masses, the form of which would thus in a great 
measure determine the direction of the axes of contortion. 

Tho general parallelism of the northern edge of the peninsular Th 8 ° v P e 0 n J l n8 ^^ n ^ k ‘ 
area to the Himalayan border along tho opposite side of the Gunge tic b eneat h Hie Punjab 
plain gives considerable plausibility to this view, and it is probable plains, 
that the gneissic rocks of the peninsula extend a long way north¬ 
wards beneath the plains. The great north-western prolongation 
of the plains in the Pufijab might seem to bo more an independent 
result of the extra-peninsular disturbance, but the only direct 
evidence brings this feature too into the same relation with the older 
rock area: for on both sides of the Cheuab, at Chiniot and Karima, 
only 40 milc 3 from tho Salt Range and about 200 miles from the 
nearest outcrops of tho Aravali rock3, some small hills which vise 
from tho plains are composed of quartzites and schists, quite unlike 
any rock found in the Salt Range or anywhere in tno ground 
bordering the plains on that side, bub of the same character as those 
forming the mass of the Aravali lulls. There is confirmatory evidence 
in the Salt Rauge itself: everywhere else tho uewer tertiary rocks 
appear at the edge of the plains, but here there is a long section 
of very old formations turned up to view, and in composition and 
arrangement they suggest coastal conditions in this position. It 
thus seems presumable that the plains are for the most part 
underlaid by rocks of the peninsular area, or at least that such 
rocks as do occur are not deeply affected by the disturbance t m 
has upheaved the extra-peninsular rocks. 

The foregoing remarks will suffice for a general introduction 
to the e-round? We may uow give some particulars of the separate 
regions; and it will be convenient to dispose first of the most 
ancient ground, forming the Aravali region and extending into tho 

Delhi and Ilissar districts. 


SECTION B.—THE ARAVALI REGION. 

The Arrnli region is the most distinctly separable factor of the LlmUaof ih^ArstiiU 
peninsular rock area. Jt is the remain* of* very (meant mounUta 
system having a north-east trend, and therefore tangential as jfc 
were to that area at its north-west oxtrem.ty, its boundary here 
being very sharply defined by tho scarp of tho Viudhyan plateau 
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that inference; and it is the obvious explanation of the constantly 
observed fact of depression in deltas. Boriugs in the delta of the 
Gauges at Calcutta hav# discovered laud surfaces far below the present 
sea level. Now. theso conditions occur in a very concentrated form 
along the fringe of the Himalayan border. An enormous amount 
of detritus is annually swept down from the mountains, a relatively 
large proportion of it, being from the softer rocks of the Sub- 
Himalayan hills ; and • relatively large proportion of that detritus 
is deposited in the upper marginal region of the plains. It lima 
becomes a matter of certainty thatr depression to an muknowu extent 
has taken place in this latter area. This view considerably modifies 
the inference to be drawn regarding the lower beds in the Ambala 
boriug if based on the supposition of extensive elevation and erosion. 
The probability would now seem' to bo that the boring did uot 
' reach beds of Shvalik age. It is evident that these later coucjusions 
regarding the underground relations of the plains deposits render 
more difficult tliau ever auy speculation as to the position or, depth 
of an artesian source, although by no means shakiug the probability 
that Audi sources .occur there. 

SECTION D,—THE S'ALT~RANGE AND. ITS WESTERN 
- EXTENSION.* ^ 

Tiio tinv.c divisions Tho Salt Range, both' cis and traus-Iudus, possesses geological, 
of the (Suit llange, features peculiarly, its own. It presents a complex arrangement 
of strata affording sections almost entirely different eastwards 
towards tho Jlielum from those westward near tho Indus, and both 
differing considerably from tho sections presented by tho trans-Indus 
extension - of .tho range. This triple or tripartite development of tho 
rocks may bo'compendiously ex])ressed as follows 

Comparative Tabid of Formations . 

\ (Natural Order). 


Their geological 
formation. 


Alluvial and ) 

tiub-reuciil, f 

Po»' l'orl.ary ... 

CiiKoa.jiO. 

rlipuouo 


-fl 


TiiASii-JuatUifa 


HcupUvu 


Uai'ivvafxh aul eujiorfluial 

Conglomerates and clara. 

(unconformity 

Upi bb 8 iwax.»k. QoobIo- 
niiTtttes.^tlrab *ud pink 
cut'it wi lt bonfcB and 
replihuu remains. 

Lov. ku Hiwamk. Gray 
auudelou® aud rod cia>a 
with bonoa. 

f N MIX’S Oft MUBIIKB I1KD3 
t.lroeuioh (tray aaiul- 
Btoiion. uomc rud clays, 
reptilian reuuiuu aud 
fudiil wood. 

Nduuomiio Limkbtokh 
Larfco iiftRlropoda,, bl* 
valve', coliin i loriijB it 

alveollun, A i? Sin 

tlucally ahwut;. • * 


Cis-Indus. 


Quart kbit a ex. 

The uoiuo 

Tho num** ... ^ 
throughout). 

Uppbb Biwauk. Tho 
sumo. 

Lowhr Siwalik. Tho 
same. 

>f«n>.neu Wunana Sep'. 
Tho slightly repro- 


Nchuolitio LikbstvNB 
Thouauxo. 


Tuans-Indus. 


The same. 
Tho muiio. 


Ppms Siwalik. Tho 

liiituo. 


LoWRK St wat.tK. Ct rsiy 
. ;iiti».ii»U>nw with bunt'K. 
clays ml ordinate, nd- 
(loin roll. 

fUUA.N oft XlORURM 
Hutio/lho samo ioaroolv 
rnpro touted uoiub- 
warila, 

Olivo clayt, drIp oaud 
Titnlioa, conglomerate <rf 
iimoalonn uv«rl)ing — 
I’aie luuoBtuuo tlmnily 
abBCrtLj. 

Trapu, AqltOf, Ac., lu BubJ 
tlni bsrift ( t Tbftii bli 
Kurrsm river. 


♦ 1’Uis ukutcli is by Mr. Wyuue. For hi* fiftoio deUilu-.l lupovl ou the Salt 
UitDij”, live Wd my Ira of Uoologi ..I '.ur/vy of lutlirv, YuIj, XT, XfY, X\ II. 
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Comparative Table of Formations —(Continued). 
(Natural Order.) 


TRAN9.JnELUJI. 


MEBOZOIO. 
Cretaceous 


Jurassic 


Triaa 


I’at.uozotci. 

Carboniferous 


Infra Carboni¬ 
ferous. 


8iluriou 


Eruptive 


Ouvn Group sandstones 
and filmles chietly Tere- 
bralulte ami bivalv 
obscure. 

Absent. 


Hfiendomorphie salt- crys¬ 
tal zone, rod llnugy sand¬ 
stones, rod Ha}?, per¬ 
haps triussio. 


Unknown 


Absent or on the horizon 
of a group of Uagnosiun 
Buudstoues P 

Black clunehy shales, See., 
with Obolusor bephono- 
treta. 

Eurple sandstone 
Salt marl, salt gypsum 
and red marl 
A lew exposures in upper 
part of red marl. 


Absent or unrecognisable. 


Vaiuroatkt) Group red 
and white and variegated 
sandstones, &c. 

Ammonites P Belemnites, 
&c. 

Gray limestones, calcare¬ 
ous uAnditoues, graj^ 
maria, ccratites, So. 


Gray and magnesian lime¬ 
stone, mlcareoua eaml- 
sione, shales, Products, 
rpiriferm, Iiellcrrophon, 
goniatitei, Sfc , 4~c. 

Speckled sandstones, red 
and lavender clay. 


Absent 


Absent locally 
The same 

Nil. 


Whitish sandstones, up¬ 
per part of a dark 
earthy zone containing 
a nuocomian ammouite. 

Thin liracotoucs and 
shales under dark earthy 
zone. Ammonites, bi¬ 
valves, &o. 

Variegated soft sandstones 
and clays, obscure 
plants. 

Gray limestones, thick 
marls, dolomites, &o., 
ceratites. 


Bed or purple boulder 
clay9, Bundntoncs and 
gypsum aud thick dolo¬ 
mite. 

Absent. 


Purple sandstone (? same) 
The same ut Kulabagh 
only. 

Nil. 


Ifc will be seen from this list that the rocks embrace a very 
considerable series representing palaeozoic, mesozoic and caiuozoio 
as well as more recent- deposits. Throughout the whole up to the 
bottom of the post-tertiary beds there is a singular absence of 
marked unconformity, trifling indications of discordance having 
only been observed locally between the jurassic aud cretaceous 
horizons trans-Indus, and again at the local base of the tertiary 
rocks, mainly of newer tertiary aspect, where they are in junction 
with triassic beds in the Kiri Kliasor and Nala Kch ranges, 
trans-Indns, 

There is much inequality of deposition on the eoceno horizon, 
and this has been held by some to mark a great period of disturb¬ 
ance aud arrested deposition ; but while the possibility of discord¬ 
ance'entirely invisible may always exist, the absence of its usually 
prominent signs over so large a region is a fact not easily sot 
aside. It has also been urged that there is represented in the Salt 

Range a sort of transition between the rocks of the Peninsular and 
those ot the Himalayan region, from n marine facies westward to 
a freshwater or continental state of things eastward. Variety 
certainly is present ; but where so much of the older eastern Salt 
fbmgo series is quite uufossiliferous. it is scarcely fair to presume 
thut it organic remains were present they would bo other than 
marine, especially* ns the single ancient Obohis , or whatever it may 
eventually ho called, which lias been found there, is cnrlainly murine. 
Leaving these points to havdy speculators, it will bo more useful 
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^Re^on 3,11 from FilteJl P llr Sikri (near Agra) to Chitor, and thence by the 
Limits of tUoAravnli 8 ?-'' P ° f tlie Mahva trft PP Qan l )lateau to the Narbada. Its soutliern 
Region. " sklrta are covered by newer rocks in Guzerat and Cutch. On the 
west and north, towards the Punjab, it can be said to have no 
boundary, presenting only straggling outliers of rock more or less 
encompassed bv the alluvium of the rivers and the blown sands of 
iho desert. We have seen reason to suppose that if these were 
removed, rocks of the Aravali region would be found to extend in the 
Punjab nearly up to the boundary of the extra-peninsular area. 
The low range of hills from which the name of the region is taken 
and which is probably the remnant of the axis of the original system 
of upheaval, is chiefly developed between Palampur and Ajmer, 
beyond which place its continuity is very broken, the alluvium 
sweeping right t rough it at many points, as where tho Sambhar 
salt lake lies right in the run of the axis. The most northerly 
outliers on the line of the range occur near Hissar and Rohtak, 
touching the Jumna at Delhi. A notice of this region is therefore 
required in a sketch of the geology of tho Puujab. 

The Aravali nml The rocks forming the range itself belong, so far ns is known 
Della rock-s} -terns, j. Q ^ wo ser i 03 to which the names Aravali and Delhi have been given! 

The former is the older of the two, and consists, within the raimo* 
and for some width on either side, of crystalline schists in great 
variety, with crystalline limestone and some quartzite. In many 
parts the schists are largely associated with gneiss, and all are 
folded together in complicated contortions having the prevailing 
north-north-east strike of the range. Granitic intrusions occur 
extensively in and near the range ; while at a distance from it the 
mefcamorphic action diminishes, and the Aravali series consists chiefly 
of slateB more or less schistose, as for instance to the east of Deoli. 
The Delhi series is best exposed in the Beaua and the Alwar hills, 
from which latter it extends np to Delhi. It is principally 
composed of quartzites, locally conglomeratic with some partings 
of schists, and locally with strong bauds of contemporaneous basic 
trap. This series occurs also within the range, where the highest 
ridges are thought to he formed of Delhi (or Alwar) quartzite,” and 
where it also is locally affected by tlw intrusive granite. 

Aire of the Aravali It will be understood that stratified rocks may give evidence of 
By hL em. two very different periods, that of their deposition or formation 

Lower limit. and that of their subsequent disturbance. In the latter sense both 

of these rock series belong to the Aravali system, and give the lower 
limit for its date. The two series are however very distinct, and 
are found at many places in totally unconformable contact; each is, 
moreover, identifiable with extra-Aravali peninsular rocks still 
unaffected by the Aravali disturbance, thus showing the limit of 
that disturbance and its relation in time to the rocks of the penin¬ 
sular area generally. The Aravali series has been fairly identified, 
at leant in part, with the rocks that had boou previously described 
as tlus Gwnlior series, to the cast of the Vindhyan plateau. Here 
tho upper Vindliyani rest upon a deeply-erodod surface of the 
Gwalior rocks ; but these rest in original un listurlred superposition 
upon tho gneiss of iiuudolkhauJ. Again, tho Delhi series Ims 
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been traced to the south-west through Tonk and west of Chitor, 
into connection with some sandstones south-west of Nlinach 
(Neemuch), where they show very little disturbance and are over¬ 
laid with slight unconformity by lower Vindbyan strata. On the 
west in this locality these sandstones rest upon au older gueiss, 
presumably of about the same age as the Buudelkhaud gneiss, and 
this mass seems to have protected the sandstones hero from the 
compression and metamorphism of the Aravali system. These facts 
show clearly that the Aravali gueiss, crystalline schists, and granite, 
and the causes to which the motamorphism and upheaval w r ere duo, 
are all of later date than some of the unaltered rocks of the 
peninsular area. 

If we adhere to the geographical outliuo as above indicated 
for the Aravali region, the older gneiss that has just been mentioned 
south-west of Nimach as probably of the eamo age as the Buudel- 
khand rock would have to be introduced as a third rock sories 
within this region. It is not yet settled whether some of the many 
other outcrops of gueiss may not belong to the older kind. 

Yet a fourth rock series has to be mentioned as belonging to 
the peninsular area in the Aravali region ; and this is the Vindbyan 
series. For a long distance ou the south-east the edge of the 
Y indhyan plateau has been taken as the boundary of the Aravali 
region. That bouudary is for the most part a faulted one, and the 
tracture has certainly occurred on the lines of the Aravali distur¬ 
bance ; although even here it can be shown that this was a secondary 
effect produced long after the contortion and upheaval ot the Aravali 
rocks, for on the north-west side of the fault there are some 
Vindbyan outliers resting flatly upon the vertical Aravali schists. 
Over the broad area between this boundary and the axis of the 
range all further traces of the Vindbyan rocks have been removed ; 
but. on the west side, and within a. short distance ot the pieseut 
axial range, rocks that can with much certainty he identified as 
upper Vindbyan cover a considerable area, to within a fow miles ot 
Jesalmir, The average base of the formation seems about level 
with the present surface of the plains, and at many places the 
Vindbyan sandstone is seen resting flatly upon the contorted gneiss 
and schists of the Aravali series. Thus, in the Viudhyiins (which 
are at least of palroozoic age), we have an upper limit for the date 
of the Aravali upheaval ; and we can say that it must have occuireu 
at quite a remote time before the Vindbyan period, for the lange 
had then already been denuded to something like its present 

dimensions. ... . 

Wo have still to notice some other rocks that occur within t-ho 
outside limits conjeeturally assigned lor the Aravali region ns defined 
by non-participation in the great extra-peninsular upheavals. About 
Jesftlmfr and west of it there occ ur low ridges of jurassic and 
nummulitic rocks belonging 1 the extru-poniir.mlar formations. 
From the comparatively little disturbance they exhibit, it is prolmhlo 
that they are overlapping extensions on the margin^ ot the penin¬ 
sular urea, and that Aravali rocks occur at uo great depth beneath 
them. 
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to indicate briefly tangible facts regarding tbe rocks and structure 
of tbe region. ° 

In all the southern acclivities, in tbe profound rocky gorges by 
which its escarpment is intersected, and over its summit crags and 
northern sides, there is no want of sectional or other evidence froin 
which to ascertain the composition of these Salt Range mountains 
from the hanks of the Jlielum to the somewhat indefinite frontier 
of the Afghan uplands to the west. The chaotic state of the 
southern escarpment, however, requiros extreme caution amongst 
its subsided masses, to disentangle the original arrangement of 
the beds. 

This confusion appears to be equally duo to the presence of 
the great saline deposits forming the base of the series, to tho 
alternate recurrence of friable and more solid rocks, and to tho 
peculiar climatic conditions of tho couutry, subject to extremes ot 
drought and wet and wind at distant intervals, and not (infrequently 
a der» rt cold-producing frost at night, though the boat in the day¬ 
time m :\y have been very great ; and action of torrents and all tho 
meteoric forces which can abrode rock9 and disintegrate mountains 
arc the necessary consequences ol such a state ot things. 

Tho lowest and oldest rock known in tho Range is the great 
rock-salt deposit ; but at a distance of some 35 miles to the south¬ 
ward, presumably older sub-crystalline and slaty beds occur in the 
Karana hills, according to Fleming aud Theobald * * (Jour., As. Soe.> 
Bengal, Vols. XXII aud XXIII). 

Tho geological history of the salt is as obscure as is usually the 
case ; and, as in other places, it is found to be overlaid by massive 
beds of gypsum ; indeed the red marly rock which marks tho 
position of these minerals is itself largely gypseous and often 
saline. Although the thickness of the salt, where most accurately 
known, as at the Mayo mines, is enormous, the very conditions under 
which it may probably have been accumulated in detached basins 
preclude the inference that it extends everywhere beneatli the Range 
ns one vast sheet. The local disturbances too may naturally point to 
its extensive removal by percolation of fresh water. Notwithstanding 
this, however, its presence at numerous localities almost along the whole 
southern foot of the mountains for 11(1 miles, and often with thick 
outcrops, leaves little necessity to qualify tho assertion that the 
supply is practically inexhaustible. 

The annual records show that the outturn of salt from tho 
Range equals in maunds 12 to 13 lacs, producing a revenue of 
40 lacs ot rupees, or £400,000 sterling yearly. 

The suit is of reddish or whitish colour iu thick bnnds of great 
purity, alternating with other thick hands of more impure and 
earthy character, called by the miners kuller. Betwoou some ot 
the strata at Khewrn, Mayo mines, a stratum of potassium salt was 
found, having a tbicknoss of a few feet. From more recent 
workings it appears the deposit had a lenticular shape, and was 
limited in size to 6ome 600 superficial (eet. as estimated hy I)i. 
Wurth, formerly Collector at these mines. Its presence indicate* 
the possibility that other deposits of this vnlunbto salt might ho 
found if sought for, Tho salt in its crude lbrui is u mixture ot 







sylvine, or tliat form of potassium chloride which is now the principal 
commercial source of potash, with kieserite (magnesium sulphate) 
and common salt. (See Manual of Geology of India, Vol. Ill, 
page 501 ; Records, Geological Survey of India, Vol. VII, 
page 64). 

The rock-salt of the range, though not known to be itself 
bituminous, is associated with layers of highly bituminous shale in 
the over-lying gypsum at Khewrn. 

Near the place where this shale occurs, and in a few other 
situations on apparently the same horizon in the eastern part of 
the range, there is an interbedded mass of volcanic tufa, porphyritic 
by th© presence of numerous small crystalline needles of a semi¬ 
transparent mineral-like decomposed actiuolite. Together with this 
are some feet of lavender-coloured clay, occasionally containing 
talcose veins ; it is used ns soap by the natives. 

A notice of the neighbouring salt region of Koliafc may appro¬ 
priately bo given here for the sake of comparison. The last known 
exposures of the Salt Range palaeozoic salt occur at Kaldbagli on 
the Indus ; and for some nine miles up the Lun nala in a north by 
west direction there are others at intervals. But further into the 
Kohnt district in this direction another kind of rock-salt occurs 
in great quantity, and in numerous exposures, for a distance of 
40 miles amongst the tertiary hills on both sides of the Teri Toi 
river. The general character of this Kohat salt is a more or less 
crystalline mass of different tints of gray when uot quite trans¬ 
parent, with numerous transparent blotches. Iu some places it is 
dark, smelling strongly of petroleum. A few bands only contain 
sufficient dark silty clay to render it unsaleable. No such impure 
earthy bands as separate the Khewra salt beds occur throughout 
the district. The salt is overlaid by white and gray gypsum and 
gray or greenish gypseous clays, generally much confused as to 
stratification, aud iu this resembling the Salt Range marls, but the 
aspect aud colour of the gypseous strata is as distinct as possiblo 
in the two regions. The gypsum varies in thickness and occupies 
large areas over the axes of anticlinal curves. Associated with it 
are some layers of alum shale, aud it is sometimes black and 
bituminous like the salt. 

Overlying the gypsum is a thick deposit of blood-red clay 
having a few sandy layers, and near the top a double hand of coarse 
purple, sometimes conglomeratic sandstone containing a few frag¬ 
ments of fossil bonce, nn:l this is succeeded by the eocene limestone. 

In all the numerous exposures of the Koliat snlt-field no older 
rock tliau the salt has been discovered, and both it and the gypsum 
aR a rule follow' the curves of the adjacent newer limestone. Rock- 
salt may bo of almost any age, but this apparent, conformity and 
Ihe utter absence of all proof that the beds are older load to the 
inference that this salt, gypsiun, Ac., are of minnnulitic age or 
immediately antecedent thereto, the supposition being less violent 
than the assumption that this salt series is contemporaneous with 
that of the .Salt Range, while all the intervening formations from 
the infni-Rihmnu sandstones to tho Jurassic or cretaceous iuclu»iv.o 
should have disappeared by gradual thinning out, It is difficult 
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SECTION O.—THE PLAINS. 

Blown sand occupies no inconsiderable place in the rock forma¬ 
tions of the Punjab. The Province has a “Little Desert” of its 
own in the Sind Sagav Do'b ; and large tracts elsewhere are in a 
similar condition. There is no sea here to keep up the supply for 
these wind-deposits; but other sources are not wanting in tho 
ever-renewed sand banks of the subsided rivers, and in tho bound¬ 
less barren hill region to westwards where the “sand-blast” must 
operate extensively as a denuding agent, supplying dust to bo 
swept ou by the wind and deposited elsewhere. The geological 
influence of the wind as a roek-producer has been very little studied 
or taken into account, but the importance of it cauuot be doubted. 
We may recommend it as au interesting line of research to 
residents in tho Punjab. The investigation should be historical as 
well as dynamical, for it is surely presumable that tho present stato 
of things has come about well within the human period and to a 
great extent since the earliest historical times. It is not to be 
believed that plains of fertile ground traversed by copious streams 
and in a sub-tropical climate were left by nature unclothed with 
vegetation. In the remote hills on both sides forest still survives, 
simply because it is out of reach of tho spoiler. The process of 
spoliation is familiar to any one who has travelled in the jungles 
of India. Want or the petty profit of the moment is all that is 
thought of, no matter what the waste; and ouo may see squaro 
miles of withered poles of magnificent forest trees that have been 
ringed for the few ounces of gum to be extracted from each. At 
least a few years ago it was so, before the Forest Department came 
to tho rescue. 

When steep ground is thus uncovered it becomes rapidly 
denuded of its soil, and the bare rock remains. On tho level ground, 
when an undue proportion of it i 3 taken up for cultivation, ail 
immense area is left baro under (ho baking summer sun after tho 
spring crops arc cut, to become so deeply desiccated and heated 
that much atmospheric moisture is repelled and never reaches tho 
ground. In this way the climate becomes gradually changed at 
an accelerating pace, for each step makes recovery more difficult, 
and thus large tracts of north-western India have become waste, 
and the struggle agaiust outraged nature for tho rest becomes 
continually Larder. 

From the condition of the great rivers it is at once apparent 
that the plains are most recent deposits; aud that they have beeu, 
and are being, formed by these very rivers. The Punjab lies 
altogether in tho western basin of the lmlo-Gaugetic plains, its 
(Muitorn boundary coinciding with the watershed between the very 
flat basins of the Indus and Ganges systems ; and that boundary 
is the river Jumna. On any longitudinal flection of tho plains 
taken cast and west between tho fciiwalik hills on the north and 
Delhi (where the 11111111.111 touches Aravali rocks) the highest lovol in 
on tho batiks of tho Jumna. ]Nt>\v, that a river should run ou a 
waloralied in proof poaitivo that it has made the ground it Hows 
upon. This is tho normal condition, oi a depositing river, us moat 
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familiarly kuown in deltaic regions. By periodical overflow the The Plains- 
river gradually raises its banks aud at the same time its bed, and Formation of the 
so finally ruus ou a broad ridge of its own construction. If left Punjab plains, 

to itself it will fiually break into tbo lower ground on either side 
through some hitherto small ehanuel of overflow, and so take up a 
new course. A noted example of this occurred early in this 
century in north-eastern India, when the Brahmaputra deserted its 
old bed through the Maimeusingli district and adopted a new 
channel 60 miles to the west, the change originating near the point 
ol the Garo hills. In* the Punjab much evidence has been brought 
forward to prove that within historical times the Sutlej followed a 
very different course from its debouch at llupar.* No geologist 
will question that all the great Himalayan rivers must have under¬ 
gone like changes within very recent geological times. 

In other features of configuration the plains correspond to tho North and south 
mode of formation suggested by the cross-section at tho rivers. All slo P e L>uu ^ 
the streams, big and little, issue from their more or less steep and 
coufiued channels in the hills variously charged with detritus in time 
j flood. As they can immediately expand in the open country 
uieir carrying power is rapidly reduced, and much of the heavier 
mid coarser detritus becomes deposited at the edge of the plains, 
onl y tho fmer sediment being carried to a distance. In this way a 
s m laqe is formed having at top a considerable slope (more than 50 
ee ^ 111 a mile), which diminishes rapidly at first and then very 
gradually towards the final point of discharge. This is the form of 
the surlace of the plains of India from the foot of the hills to the 
sea, their slopes corresponding with those of the rivers; and in 
extent their distribution corresponds with that of tho water-power 
issuing from the adjoining hills. In this respect the Himalayan 
rivers greatly preponderate, and have accordingly laid down the 
greater part of the plains to near the northern edge of the peninsular 
urea. The level of tho Jumna bank at the edge of the Siwaliks is 
ubout 1,060 feet. The lowest point of the summit level of the plains 
may be takeu up on the Jumna bank at Delhi, where it is about 700 

and followed to the west-by-uorth into the Tnujab a little south 
^ Ilohtak and of Hissar, beiug defined by the line where the spill 
J roru the Aravali meets that from the Himalayas, and the surface 
n si Her both to north and south. Between Hissar and fcjirsa this 
'00 feet contour-line bifurcates, going to north-north-west along 
tile Himalayan spill to south of Lahore, white the other branch 
curves to the south-west along the Aravali spill to the west of 
Hikam'r. 

Any observant traveller in Upper India would at onco notice 
that the foregoing description of tho plains is not at all points 
correct. It lias been thus given from tbo geological point of view, 
and in ort ( m . the bettor to indicate tbo immediately actual state of 
the surface. Tim facts that have been given regarding the outline 
mo correct, aud also the'inferences tube drawn from them ; but tbo 
•■lumua and the other great rivers do not now, even in tho most 
abrioi nuil floods, vise to tho level of those banks asserted to have been 
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formed by their overflow. To account for this it might at first bo 
suggested that modem floods are les 9 than those of yore; blit 
observation makes the very opposite suggestion, for it seems that, 
although more or less iu tuo samo position as when they gave form 
to the adjoining lands, the rivers have since then eroded broad valleys, 
to as much as 100 feet deep, in their former deposits, thus produc¬ 
ing the characteristic features of the western plains of the Punjab. 
These valleys are known as kkddira , as distinguished from the 
ban gar 8 or bar lands, the uplands of the intervening dodbs (land 
between two confluent streams). Various causes might he assigned 
for this effect, such as a change of levels, giving increased fall and 
therefore greater denuding power to the rivers. Action of this kind 
lias probably had local effect, but wo are bound to enquire whether 
the chief Cause may not be one that is known to have operated, 
namely, the wholesale removal of forest vegetation. The effects ot 
this change have been already called into account for the present 
desert condition of large tracts in this region ; and another well 
known result of the same cause is that now under consideration. 
When rain falls upon a forest-clothed country, a very large part of 
it clings about the vegetation or is absorbed by the open soil at its 
root**. In the present state of this country the rainy Beasou hursts 
upon a hare land baked hard by the fierce sun of the dry season, 
the water runs off the ground in torrents, and the channels, big and 
little, arc scoured by floods that could never arise in such a region 
in its natural condition as unchanged by man. Thus the 
apparent discrepancy between the actual state of the rivers and the 
assertion that they have formed the land they flow through is 
converted into a confirmation of that view, for the effect corresponds 
in degree and in time with the known cause assigned for it. The 
uplands, which form the great bdr prairies of the Punjab, are 
probably the remains of the general surface of the plains as it stood 
in prehistoric times. 

The Thai, or desert formation often found capping the Bar lands, 
and which occupies so great an area in the Wind S&gar Deal), is 
purely a wind-deposit, n continuous spread of sand-dunes. The 
apparent eapriciousuess of its distribution may he largely due to 
the unknown drift of the atmospheric currents; or it may ho 
affected by unobserved obstructions, for once started sand-dunes 
tend to reproduce themselves, oacli one forming a back-water iu 
which another may gather.* 

Further illustrations of tlio samo conditions are found in the 
eastern Punjab. Although the hanks of the Jumna in its course 
from north to south form the summit level of the plains, and no 
drainage outers the Jumna from the west iu this part of its course, 
yet it is in one sense misleading to speak of tho right bank of this 
river as tho watershed, fur thorn ia an immense tract of country 
to tlio west—almost the whole area between the Jumna and tlio 
iSiitlfj—from which no drainage evor enters the sea or other water 


• Mr. M.'illti-ott writ* ; tdamvlton* ; *‘Th*-y nmy ovcm /row backwards nRaiiud tho 

wind, a <‘h« I f.i w bi»di i- th<. im*o« diut< caiiiU* of I lt«*ir foimatiou : and fclitnt tho 
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basin. At tlio head, along the base of the Siwaliks, that area is 
75 miles wide : but as the Sutlej immediately on leaving its gorge 
takes a course to north of west up to its confluence with the Beas 
near Sobrnon, the area in question widens rapidly, so that on a 
parallel through Delhi the Jumna and Sutlej are 230 miles apart. 
Two. considerable streams, the Mark and a and the Ghaggar, and many 
minor ones, leave the hills within this area and flow straight away 
sea-wards; but they are nearly expeuded by evaporation and 
soakage before reaching the south boundary of the Punjab, and 
entirely disappear in the desert of Bikanir. They were once probably 
tributaries of the Sutlej when it formerly held a more direct 
southerly course; or more certainly of the Jumna if over its waters, 
as is extremely probable, flowed to the western sea. Hero then 
we can bo certain that the whole work dono by tlieso rivers is 
expended within the area. For “ time out of mind ” nono of the 
detritus from the hills for a length of at least 60 miles has left this 
ground, yet the surface here has not been essentially changed since 
the Jumna ceased to he tho chief depositor. AVe are thu3 again 
led to the inference that this cannot have been very long ago. 

There is another feature of this case that requires notice* 
Modern primers of geography tell us what is the almost inevitable 
result of a drainage area having no outlet—that the enclosed basin 
becomes saline from tho continuous evaporation of drainage water, 
which always contains some salt in solution. The only thing that 
oau prevent this result is a sufficient underground percolation, 
which would have tho same purifying effect as a surface outlot. 
It is clear that a similar result must ensue when the diaiuage water 
i* dissipated without collecting in a basin, only the product will 
be more diffused. Now this effect is well marked in this peculiar 
urea; all the southern part of it, where tho final evaporation takes 
place, is extensively impregnated with saline matter, so that good 
drinking water is scarce. At Bhiwani, south of Ilissar, the ground 
water was found to he brackish to a depth of 400 feet. This area 
°1 closed drainage forms nearly a third of tho Punjab plains, the 
Remainder being occupied in succession from east to west by the 
dullundhur, the Bari, the Itechna, tho Jotch, and the Sind S&gar 
do&bs, with the narrow tract known ns the Derajat between tho 
Indus and the Suleman range. To all these the foregoing general 
considerations are applicable. 

There remains to be noticed but one point of contrast with tho 
eastern or Gauge tic area of this continuous formation. The zone 
10 well known in the latter region aa the Tat'di is not distinciivd y 
^presented west of the Jumna. It is a broad belt on tho outer 
edge of the gravel slop## everywhere found next the hills. This 
coarse depositabsorbs water copiously along the foot of tlm hills, 

so much of this as does not penetrate to tho (loop water-bearing 
strata fluds its way to tho surface again along (ho outer edge ot 
tl' j gravel bods, where also an abrupt change ot .-lope occurs. In 
this way there is formed the eeooud zouo ot peculiarly swampy 
Ri’ound known us the Tarai, the inner gravelly slope being known 
“s tho Bhdbiu or forest zone. Although the gravel zone is ui 
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course found everywhere, and equally of course absorbs its full 
share of wlmt water is spilt upon it, the Tarai is scarcely represented 
in the west. This may be partly due to a smaller rainfall, and so 
to little or no surplus escaping permanent underground percolation ; 
but to a considerable extent it is duo to the cause that has already 
been detected in so many ways, the destruction of the forest 
vegetation. It is not so very long since the climate and vegetation 
must have beon very different from what they are now, when the 
Mogal emperors used to hunt wild elephant and rhinoceros on the 
borders of the lower hills of Jammu. The destruction of forest 
lias, however, been much more extensivo here than to eastwards, 
with the result that a greatly increased burden of detritus from 
the soft (oriiai , rocks of the lower hills is thrown upou the streams 
before entering the area of deposition. A great quantity ol it is 
soon left behind, obliterating the conditions of slope required to 
produce a Tarai zone, the corresponding position in the Punjab 
being taken up by accumulations of sand which there is not 
water-power to carry further. For a description of the conditions 
under notice, reference may be made to Mr. 13. Ii. Baden-row ell s 
account of the chohs , or Bandy-bedded torrents from the Siw&liks 
in the Hosliiarpur district.* 

YVe have still to notice the depth or thickness of these deposits 
as a point of practical as well as of speculative interest. The 
surface deposits belong every where, as wo have seen, to the human 
period In a cutting near the head of the eastern Jumna canal. 
Colonel Cautley dug out a fossil town.f Everything below is 
concealed. It would seem that near the “outer margin of the 
plains on the Himalayan side, a very close limit to the age of any 
fi ds conformably underlying the recent alluvium should be assign¬ 
able : for the topmost beds of the Siwalik Berms, ol latest pliocene, 
if not of pleistocene age, are lilted up vertically ; yet they are 
indistinguishable in composition and texture from the actual river 
di'posirsT Distmbanco of such magnitude must, one would think, 
have extended to some distnneo south of these outcrops, and thus 
have iuvolved total unconformity of the Siw&liks with any beds 
that are still undisturbed within a considerable distance. If this 
wore ho, it would follow that, any beds conformably underlying tho 
surface deposits iu the neighbourhood of the Himalayan margin 
must belong post-Siwilik. But, ns will presently be shown, tho 
disturbance to which the upheaval of the Siwalik is due probably 
extended to only n small distance from that margin. 

Far from the mountains, anywhere within tho ^ protecting 
influence of the underlying hard rocks ot the peninsula, it is evident 
from what has boon ‘said that the plains deposits might be in 
unbroken lenNMOe with the whole terth-ry 5 n..«l on thie 

‘ l inner ' bonier of the plains, even at the small depth to which pbsei- 
nil ion hne neons, beds Imving some small comparati ve flnt.au.ty 
occur in cUe relation with (be surface deposits. Iu the lower 
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reaches of the Jumna, between Agra and Allahabad, where the river 
has eroded its channel to a depth of 100 feet below the level of the 
adjoining plains, boue 9 of extinct forms having some affinities with 
those procured from the upper Siwalik strata have been found in 
perfectly undisturbed clays. 

Any surmise upon tbe underground features of tlie plains deposits 

call only bo derived from the view formed of antecedent conditions 
as indicated by the features of adjoining areas. On the peninsular 
side there is good evidence to show that, so far back as in imme¬ 
diately pretertiary time, the drainage flowed from tlio south towards 
what is now the Gaugetic basin : the whole northern scarp of tbo 
Vindhyan plateau existed at that time in approximately its present 
position. The Deccan trap poured over that scarp on to the gncissic 
area of lower Buudelkhand. How far it may have flowed over tho 
low ground in that direction it would be impossible to say ; on tho 
plateau it does not seem to have reached so far north as Gwalior, 
The total absence of any remnant of tertiary rocks on this border 
of tbo peninsula suggests that it was then out of the reach of 
deposition rather than that all such deposits have been smeo 
removed ; but it would seem pretty certain that this drainage basin 
was part of that in which the eocene rocks of the Himalayan border 
were laid down. Only the lower stage of that series is marine ; 
and tbe muddy character of these beds, contrasting with the clear 
limestone of the same age in the western Punjab, suggests estuarine 
conditions requiring a southern bank far to tho north of the present 
south boundary of the plains, and of course also a limiting land 
in the actual Himalayan area. Already in nummulitic time these 
marine bottom-beds became mixed with and soon permanently 
replaced by others of distinctively Sub-Himalayan characters, 
consisting of fluviatile deposits with terrestrial and freshwater 
fossils ; and those conditions have lasted throughout thei hi wall Ic 
epoch to the present day, for as has been said tbe top Siw&lik strata 
seen at many places in the Punjab are absolutely indistinguishable 
b om those of the plains. These middle and upper tertiary fluviatile 
deposits were independent of the sea level and would have spiead 
over the whole basin according to its contour, and equally to the 
south iu the valleys of the northern slopes of the peninsular aiea 
now concealed beneath tbe plains. From the foregoing observations 
it would appear that the Sub-liimalayan eocene marine basin was 
probably a narrow one ; but that the supervening upper tertiary 
fluviatile deposits rnay have stvetched southwards to an indetmiio 
distance. 

To the foregoing consideration of the original conditions of tho 
basin there must bo added what can bo said regarding the 1 
Himalayan disturbance as affecting tbe floor, and therefore tho u 
whole condition, of tho plains deposit.*. Tho extromo unco formjty 
already mentioned as occurring between tho horizontal plums 
deposits and tho vertical Siwaliks along tho Hunalayau border 
does undoubtedly establish an immense lapse o( time (as reckoned 
in historical periods) between tho two. Hut he mforenco u to 
how far this condition of unconformity extends bouoath the plama 
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to the south of the actual boundary depends upon the view taken 
of tho process of disturbance. It is difficult to resist tli e primd facie 
impression from the sight of an immense thickness of stratified rock 
turned up on end that great violence must have attended such 
results, and lienee that the effects must have extended to far beyond 
tho point 'here such intensity is exhibited. It was upon such 
natural impressions that the cataclysmal theories of tho early 
geologists were founded. In the present case, tho plausible 
supposition from such a point of view-* would be that an elevation 
of the Himalayan area coincident vrith the contortions of the Siwalik 
strata had first resulted in a great valley of erosion from the 
mountains to tho sea, forming a clean-swept basin for tho deposits 
which now form the plains. 

To give meaning to this seemingly useless discussion it may he 
wdi to point out that it forms the only rational approach to the 
practical question often asked—where in the plains and at. w hat depth 
w ould there be a prospect of success for an artesian boring. If the 
supposition just noticed might bo counted upon, a very favourable 
answer could be given to this question. The base of the deposits 
would then be everywhere within reach ; that baBe would generally 
consist of coarser materials, such as would form a capacious witter- 
stratum; and it would be in continuous connexion with the present 
upper zone of gravel beds at tho foot of the hills, where copiou» 
absorption of water occurs. 

Careful observation and reflection are, however, against that 
prund facie supposition. It will bo shown that before tho disturbance 
of the Siwalik rocks (i.e,, during the Siwalik period) the Himalayan 
livers, great and small, flowed just where they now do in the 
mountains; so that there is nothing to support the supposition that 
any great elevation or violent movement of any kind accompanied 
the disturbance of the Siw alik rocks ; for they probably were tilted 
up so Blowly that tho main rivers could pari passu erode their 
gorges across the rising strata. Another fact of corresponding 
import is found in the form taken by the Siwalik strata under 
disturbance The or longitudinal valleys occurring so con¬ 

stantly inside the Siwalik ranges, are generally formed of tho topmost 
Si w Alik strata in a more or less horizontal condition, rising by a 
gradual increase of dip to form tho range outside the dun, w hile on 
the inner sido they cither abut abruptly against the rocks of tho 
inner range, or cine ire bent up sharply to form that range. 
Such ft feature strongly suggests the probability that the final limit 
of (ho disturbance may be no less abruptly marked ; so that beyond 
tho extreme verge of the vertical Siwalik strata those some strnta 
innv have remained permanently in their original gentle slope <d 
deposition, and would thus bo in conformable sequence with tho 
most nuenfc deposits of the plains within a very short distance of 
tlio liilU. It la imlepmulctulv intellijflblo ilio slow oo>ii|iiv»imi|> 
force to which tho bending of the strata and the consequent rise of 
the hills worn due would expeud itself to the utmost on each floxure 
before giving rise to a new one. 

Such ft I'tucoan would of course involve groat erosion of tho 
Shv&hk strata in tho immediate region of upheaval; and thuro is 
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alnmdaut evidence of this, not only in tlio river gorges and the 
deep ravines of the minor streams, but along the whole outer edge 
of tlie hills, where, as a rule, tho uppermost gravel beds of the plains 
rest upon the edges of low Siwalik strata near the axis of the flexure, 
the whole of the outer and steeper side of which has been removed. 
Under the supposed conditions of disturbance this denudation would 
not have reached far; so that within a short distance there might 
he completely conformable sequence between tho Siwalik deposits 
and those of the actual plains. 

One important direct observation has been made upon tho 
underground constitution of the plains, in tho boring for an artesian 
spring at Ambala, to a depth of 700 feet. No gravel bed or other 
water stratum was met with, and tho boring ended in stiff clay. 
If this section could bo taken as representative, it would bo conclu¬ 
sive evidence against tho supposition of these deposits lying in u 
simple post-Siwalik basin of erosion ; for the bottom of such a basin 
must at Ambala be within a much less depth than 700 feet, and the 
basal beds in such abasia must as a rule bo coarse, porous, and water 
bearing. It is easy to explain a possible exception to this rule ; 
and Ambala is just in the position where suclnm exception would 
bo most likely to occur. It is about 20 miles from the foot of tho 
hills, and this is boyoud tho distance to which gravel is now swept 
by the small streams and the rain-wash on the steeper slopes near 
the hills. It is only within the range of tho great rivers', in tho 
deeper parts of tho supposed basin of erosion, that ooariju deposits 
must occur somewhere iu almost every section, especially at or 
near the base; and iu river-formed deposits such as these, the rauge 
el the great rivers embraces in time more or loss the whole area. 

Ambala, about midway between the Jumna and the Sutlej, ami 
so near the hills, is just in the positiou most likely to escape that 
influence, as the whole growth of deposits might bo directly from 
the hills or by overflow ot finer sediment from the main uveis. 
In this way there might bo uothiug there to murk tho bottom ot 
tho basin or surface of erosion in so small a sectiou as that given 
by a boring ; aud thus tho passage from the recent plains deposits 
into beds of°such similar composition ti3 are those of the upper 
Siwaliks would not be noticed. It can, however, bo affirmed that 
tho boring did uot reach beds that had undergone any cousideiablo 
disturbance, for tho frequency of alternation of beds in the loner 
part of tho boring was as great as in the upper part, whereas a 
very moderate lilting of tho lower beds would have given a per¬ 
ceptible apparent thickening of the sevoral strata passed through 
by a vertical boring. 

There in yet to be taken into account a consideration of groat 
weight in this discussion. It was long ugo suggested by Uorsuhell, 
iu seeking for a prime mover of the forces by which crust 
movement* are effected, that tho familiar process of denudation 
by the continual removal of matter from stoop elevated facts and 
the deposition of it iu adjoining low ground evidently di*Uuhn tho 

t-ouilibrium of 8train' beneath those areas, causing a tendency to 
Novation tho former and to. depression in the latter. Itoceut 

hisotirohes upon tho uuturo of tho eiutlrt ■ entirely coiulrm 
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The change is altogether structural, and not duo to secondary 
xvom causes such as denudation. Tho strike of tho rocks on both sides 

Extinction of the ^ ie tertiary boundary conforms to it along its bend northwards, 
lower Himalayan showing it to bo an aboriginal feature of the Himalayan elevation, 
region n structural There is ample corroborative evidence of this view in the main 
range itself. In the gorge of the Sutlej above Wangtu the massively 
eruptive granitic rock 1 in the axis of tho range, as everywhere 
observed to the cast, are still in force, and pass north-westwards into 
the mountains of VVaziri Rnpi; but on the western side of this 
massif, in the deep Kulu valley cut by the Boas right across tho 
axis of the main range, no such rocks have been found. The 
ground has not been closely examined ; blit it is certain that the 
axial intrusive rocks cau be but very feebly represented, if at all* 
The flexures and fractures involved in such a mountain range are 
so great that their, total extinction in so sudden a manner would 
he matter of surprise; and in fact tho great range does from hero 
split up into three minor ranges, each with its gneissic axis, but 
all of Vhich become absolutely extinct within tho basin of tho 
Jhelam. The southernmost of these is the Dhaola Dhar range 
overhanging the Kdngra valley, a revival of the same granitic rocks 
directly on tho prolongation of the great Himalayan chain. But 
here tho tertiary boundary is found close at the base of this axial 
range, within two miles of the granitic rocks. It is this immediate 
contiguity of comparatively low (2,500 feet) undulating fertile 
ground with a lofty (15,000 feet) precipitous mountain range that 
constitutes the peculiar beauty of the Kangra valley. 

Fou: r . iii division of The foregoing outline of the leading features suggests at once 


the ground. 


finb-Binaftlayan 
tertiary region how 
produced. 


a fourfold division of the geological description : tho sub-Himalayan 
tertiary zone; the lower Himalayas; the axial rocks; and tho 
Tibetan area. 

Tho name sub-Himalaya is primarily an orographical term, used 
to denote the lower bills on the border of the mountain area. 
Such a gradation of elevation is in the first place a result of the 
elevatory process itself, in which there is a general tendency 
to a line of maximum effect in a more or less central position. 
This result is further wrought out, and 'would to a great extent be 
independently produced, by the second agency of hill formation, 
the wearing action of atmospheric waters to which all the detail 
of surface configuration is due. Drainage must flow outwards 
from the crest of elevation, and deepen as it. goes, thus increasing 
the effects of erosion in the outer zones. Finally, the conditions 
of the ground generally lend themselves to the completion of this 
feature : in a simp]}'’ upraised stratified mass the topmost beds 
must in time undergo complete removal from the higher parts, 
and be reduced to a zone of outcrops at the margin of the area; 
and a 3 they are the newest and least consolidated part of the 
whole mass, they are specially liable to disintegrate. Still with 
a regular sequence of formations there would bo an equable 
gradation of elevation, and the separation of a border zone of lower 
bills would be more or loss arbitrary. Such is not tho oaao 
however with the sub-Himalayan zone ; the change is abrupt 
and very decided. This is duo to several causes, tho first ot 
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which may be noticed liefe ; it is that below the tertiary series Himalayan- 

there is a great break in the sequence of stratified rocks, the next 
oldest being much older and much harder, so that the contrasting PftptK] tcI ‘. Liary 
effects of denudation on the contiguous masses is very marked. ctcvatiou. 

This tertiary series is (t sub-Himalayan ” in another and a 
more intrinsic sense—that of having been deposited at the foot 
of the Himalaya, and out of Himalayan debris, as is quite 
demonstrable for the major portion of the series and more or 
less so for the whole. To this statement we may at onco 
confront another—that the Himalayan mountains were formed 
in tertiary times : unequivocal evidence of which is found in the facts 
that the very latest of those tertiary rocks liavo undergone 
extreme disturbance, and that tertiary rocks of marine origin are 
found at great elevation in the central Himalayas. It is in the 
elucidation of such apparent contradictions that the origin of the 
mountains is to be traced out. We have as yet only made a 
beginning in that direction, the ground is so difficult of access 
and so much of it is absolutely closed against observors ; but it 
is already plaiu that the Himalayas were not made in a day or 
all at once. 

The sub-IIimalayan series is of enormous thickness, aggregating Composition of the- 
from 15,000 to 20,000 feet; yet throughout it there is a remarkable luliar * acilu! ’ 
sameness in the character of the deposits. Tire prevailing rock is 
a massive pepper-and-salt sandstone, exactly like the sub-Alpine 
tertiary rock known to Swiss geologists as molasse. In its freshest 
form at the top of series, when very little consolidated, it is 
imdistiuguishable from the sand deposited in the beds of the great 
Himalayan livers. In the lower part of the series it has become 
a very firm rock, often of dark purplish colour. With the sand¬ 
stone there are locally associated strong beds of clay. In the 
upper horizons, even when turned up vertically, these are undistin- 
guishable from the brown clays of the plains deposits; while the 
lower beds assume generally deep red tints. Besides the sandstones 
aud clays there are locally enormous accumulations of conglo¬ 
merates ; they always prevail at the top of the local sections, but 
whether these separate bands are, or not, all of the same age is 
oue of the many crucial questions that remain to bo answered. 

It is through these conglomerates, the materials of which can n |) M !, 1 , a : ! t . l > u T g^ lul a 
be snecifieull v rAr*r>cmiRod. that the most distinct evidence is aflorded 
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determined. A provisional list of them is given by Colonel Cautloy 
in his Memoir in the Geological Transactions, 2nd series, Vol. V, 
aud q 110 ted in Falconer's Palaeontological Memoirs, Vol. I, pago oJ * 
Although the original Siwalik range is that east of the Jumna, 
outside the Dehra Duu, no fossils are recorded from it except those 
(just mentioned as having been lost) from the bottom clays at the 
mouth of the JfStaw&la pass ; yet the west Jumna continuation ot 
what is now taken as geologically the same range was the ground 
most prolific of fossils. A brief notice of this puzzle will illustrate 
the problems that occur throughout this region. The west Jumna 
continuation of the Siwalik range is not strictly in line with that 
east of the river, being partly in echelon to the south ; and the rocks 
are on the whole very different; coarse conglomerate and sandstone 
are almost the only rocks in the eastern ridge, while in the western 
hills clays abound. For all these reasons, aud because of the 
pro v isional identification of the Nahan and the Kalawala fossi s, 
C-.lonel Oautley aud his colleagues never supposed the rocks ot 

the bills on opposite sides of the river to be on the same horizon. 

lie had taken no account of the break in the sequence at the 
abrupt junction south of Nahan; that striking feature, which 
cannot but have beeu seen, seems to have escaped notice altogether, 
and the section to have been taken as an ascending one throughout* 
thus making the Nahan beds newer than those of the outer lulls. 
Accordingly" Colonel Oautley accounted for the absence of the 
fossiliTeroua beds east of the Jumna by their non-upheaval iu 
that direction. 

Although this view of the relative ages of the two zones 
cannot for "a moment bo entertained, the supposition of the east 
Jumna Siwaliks belonging to the Nahan group, and being quite 
distinct from tlio west Jumna SiwAliks, m.gl.t plausibly be n....u- 
tained ; and it would at once remove the apparent difuculty ot th 
contrast i>< composition between the adjoiniug portions or tho same 
rnmm. Them are cross faults and dips in the dividing gorge ot 
tlu/jumna that would easily lend themselves to such an interpretation. 
Accepting tho identification of the top beds at Nahan with the 
bottom beds of' the Kdhwvala pass, we should then only have to say 
that all the ovcrlving strata of the eastern section had been removed 
•ri Nahan and that all the underlying beds of Nahan are still below 
the ground on the south side of the eastern Siwalik range. But tins 
is not really tho simplest view to take; and by the law ot parsimony 

are bound to take the simplest view until a clearly better one is 
offered. There is a manifest explanation ot that primary dillieu y 
of the contrast between the rocks to west and east ot the Jumna 
under (lie supposition of their being contemporaneous, lhe gorge 
of il,i, river through the Siwaliks is a long way to the west ot its 
debouch from the mountains near KaUi; so it seems that when > J 
SiwAlik upheaval set in the river found the easiest course to bo 
to pass roinpletely round tin. great bonk* of oong omernto ,t bad 
«cenm..l..u,<! in front of its monntA.n gorge. Ibis wouKI tully 
explain ilH present position in ‘be SiwMik range between 
coutemporury beds of very dilki'uut tioposits; au.l it ( l ul 0 
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intelligible that mammalian remains should not occur in coarso 11 fan > 
accumulations, aud yet be common enough in tranquil inundation 
deposits close by. The cross-faults and dips now found in the 
gorge would naturally occur between masses so differently made 
It is usual in such cases to assign the fault as the inducing 
cause of the river gorge, but iu this case the opposite is more 
likely ; it is quito certain the river was thereabouts before the cracks 
v *ere started ; and it is quite probable that the initial erosion of 
the gorge helped to determine the position of the fractures. Wo 
may still provisionally accept Colonel Cautleys* unauthoritative 
identification of Nahan beds with bottom Siwalik beds, and so 
consider the former group as iu part lower Siwalik. It would bo 
mipossible at present to attempt any closer correlation. 

The change that occurs iu the sub-Hinialayan zone west of 
the Simla area, in connection with the suppression of the lower 
Himalayan region, may be best illustrated by showing what 
becomes of the two leading structural features which we have seen 
to characterise that zone on the south margin of tho Simla area. 
The N&han-Siwalik and the Nahau-Sirmur boundaries, the latter 
being the “ main boundary ” of the tertiaries with the old rocks, are 
continuous throughout the whole region to tho east, and almost 
constantly present the same structural characters, tho newer rocks 
dipping steeply towards and apparently passing undor the older. 
r I'o the west, before reaching the Sutlej, the Nahnn-Siwalik 
boundary, or at least the feature which is apparently continuous 
with it, declares itself as a faulted anticlinal flexure with steep 
divergent dips. Within a few miles beyond tho deep gorge ot tho 
Sutlej above Bubhor this fault and the steep ridge along it die out, 
and tho upper conglomerate beds sweep round the termination of 
the anticlinal into the valley on the north of the Bubhor ridge, the 
core of which is formed of lower Nahau beds. This particular 
ridge and outcrop of Nahau rocks thus becomes wholly extinct 
shortly after entering the Kaugra district. Something very similar 
occurs along tho Nahan-Sirmur, or main boundary. Where it 
croRMos tho Sutlej, north of Bilaspur, its direction is nearly dim north. 
Within five miles to the south, east of Bilaspur, the limestone is 
at the boundary : then the Subathd nummulitio beds take its place, 
and steadily higher beds appear along this inner side of the junction, 
until the feature becomes lost beneath newer tertiary beds which 
sweep across it iuto connection with tho end of an auticliual flexure 
in tho Sirniur zone. 

The change of direction w hich is so marked in the boundaries 
of the Sirmm’ zone and iu tho strike of the rooks within it, coincid¬ 
ing with tho terminal edge of the lower Himalayan area, is not 
Noticeable in the features of the newer tertiary area. Tho Nahan 
ridge above Bubhor at the Sutlej has very nearly tho same north- 
w*vl< rl y 8tr j| c0 }l8 the Siwalik range cast of the Jumna. This 
divergence of tho boundaries produces of course a groat widening 
ul the Njihnn zone as so far described. At. Nalagarh it is ton miles 
'vide, formed chiefly of repeated complicated foldings of tho doop 
*ed and purple clays and saudstoue ot the lower tertiary t} pe. 
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to conceive of conditions which would admit of such a series 
tranquilly surviving through all the changes of eight or nine vast 
geological periods belonging to palaeozoic and mesozoic epochs ; 
while the geographical distance from one or more of these frequently 
widespreading if detached formations appears hardly sufficient to 
account for the absence of them all. 

This rock-salt occupies a very prominent place in some of the 
sections. In the Bahadur Khel anticlinal it may be continuously 
traced either uncovered or slightly concealed for a distauce of about 
eight miles, having a width sometimes exceeding a quarter of a mil© 
and an estimated thickness at one place of more than 1,000 feet. 

It is exposed along the valley of a small river sometimes forming 
hills 200 feet in height, almost entirely composed of bare salt beds. 

This is probably one of the largest rock-salt exposures in the world, 
and it occurs at but a small and narrow part of one of the elongated 
salt tracts containing numerous other large exposures of the mineral. 

Tin average revenue from the nine quarry workings open when 
the country was examined amounted to Its. 56,290 annually (roughly 
about £5,000), tho cost of the salt, exclusive of miners’ charges, 
being from 2 to 4 annas per maund, as compared with the 3 rupees 
1 anna levied in the Salt Range for the same weight. 

To return to the Salt Range series : the saline group of that 
region is immediately overlaid by an unfossiliferous thick mass of 
dull purpio sandstones, traceable with diminishing thickness as far 
westward as the neighbourhood of Sakesar, the culminating peak 
of the range cis-Indus, with a height of over 5,000 feet above the sea. 

A very similar sort of purple sandstone reappears far to the west by 
south, near the further extremity of the Kiri Khasor ridge, aud is , 
there also associated with gypseous rocks, but the exposures are 
too few to prove its identity. The purple sandstones work well 
for building purposes, as may be seen in the monument composed 
of it which has been erected on the battle-field of Chillianwala, and 
their massive scarps are conspicuous in most of the southern cliffs 
of tho eastern part of the range. 

It is here immediately succeeded by a dark gray or blackish 
shaly aud clunchy zone, containing in a few localities many fairly 
preserved forms of an Obolus or Siphonotreta as determined by 
Dr. Stoliczka ; hence the containing rock and all below it have 
been assumed to be of not later than Silurian age. These dark- 
coloured shales accompany the purple sandstone to tho westward 
nearly ns far as the later group is recognised, but slowly split up 
and lose their definite oust Balt Range aspect. 

They are overlaid by two different groups of the series. In 
the east they are succeeded by one of its most characteristically 
separate zones, that of the magnesian sandstone, a pale, hard, 
compact rock, bearing ripple marks and some fucoidal impressions, 
but no determinable lossils; a rock that from its strength shows 

i prominently iu the cliff-sections ot this eastern part ot the range, 
further west tho Obolus beds are as closely succeeded by a thick 
group of whitish and speckled unfossiliferous sandstones with occa¬ 
sional red bands or dark boulder clays to tho westward, full of 
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crystalline rounded masses. Pale lavender-coloured clays commonly 
form its upper part, the group appearing to overlap the attenuated 
western termination of the maguesian sandstone. 

Where this appears to take place in the cliffs about Makrach, 
the next sectionally succeeding group to the magnesian sandstone 
disappears likewise from the series. It is composed of red, pale, and 
variegated sandstones, clays and shales frequently abounding in 
pseudomorphic impressions of the cubical and hopper-shaped crystals 
of common salt. Its ago cannot be fixed for want of orgauisms ; but 
it has been referred to the triassic period as a mere surmise, though 
from its colour aud arenaceous or earthy aspect it might equally 
claim to represent the jurassic beds to the west. Where the last 
group ends there commences to enter the series, as if upon the same 
or an intervening horizon, the earthy fringe of a mass of limestoues, 
often magnesian shales, sandstones, and occasionally conglomerates, 
pnssiug into thinner bedded limestones with thick gray clays above. 
This new accession gains steadily in thickness and importance 
westward, limestoues predominate, and replacing the harder bauds 
of the east give to many of the western cliffs aud undercliffs their 
craggy aspect. The lower part of these limestones, &c., abounds in 
carboniferous fossils of the well known British kiuds, while the 
upper portion furnishes quantities of Ceratites aud other triassic 
forms. The two life zones representing Paleozoic and Mesozoic 
time, here uniting to form one physical and structural group, 
accompany each other from where the ceratite band is first distinctly 
recognised somewhat west of the Sungle-waan, in all tho further 
exposures of the carboniferous aud triassic zone, ou towards the 
Indus, where both are lost aud confused, but re-appear together in 
the Kal&b&gh mountains, and are largely exposed in the Ivhasor 
range as well as in the vicinity of the hill station ot Sheikh Budiu 
trans-Indus. 

In direct succession to this limestone belt westward come the 
variegated red and white sandstone clays and yellowish or gray 
limestones of the jurassic formation. They are first recognised in 
the grand glens and gorges southwards of Sakesar, and continue 
prominent in all the immediately cis and traus-Iudus sections of any 
depth except those of the neighbourhood of Isa Khel, aud of tho 
Kiri Kliasor ridge till near its south-west termination. 

Like almost every other group of the country the jurassic heus 
change, and the mixed calcareous and arenaceous character they 
exhibit eastwards assumes iu tho most westerly aud intermediate 
exposures a much more dofiuili' double aspect, tho n>l and "bite 
aud variegated beds forming the lower part of the series and tho 
yellowish and gray calcareous layers being grouped together above. 
The thickness of the formation too increases, but does not provent 
the total or almost entire disappearance of tho whole group lor a 
long distance in the Kiri Kbasor ridge, where a striking case occurs 
of tho prevailing tendency to overlap in all the stratigraphic 
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arrangements of the country. 

In the easterly parts of this formation ~ : . - 
obscure or 3eavce’ than in the trans-Indus localities, but there is an 
interesting record of the discovery of well-preserved (esfid i>luiita 
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The first thing to bo done is to classify these rocks. This process 
will indeed reveal nearly all we know about them, for in geological 
classification composition counts for little, the structural conditions, 
involving relations of age, being all-important. The beginning of a 
classification was made many years ago by independent observers : 
Major Vicary found some fossils at Subathu which were determined 
to be of nummulitic (eocene) age; and the early engineers (Baker, 
Durand, Cantley) of the Jumna canals brought to light tho upper 
tertiary fossils of the outer hills. A magnificent collection of 
vertebrate remains was made by Colonel Cantley, and in great part 
described by Dr. Falconer; and since then the name Siwalik has 
been famous in geological annals as denoting a richly fossiliferous 
group of tertiary rocks at the base of the Himalaya. None of these 
explorers made any observation worth mentioning on the structural 
features of the rocks, so all the geological work proper remained to 
be done, though of course it was a great advantage to begiu the 
investigation with two well determined horizons. 

Arfy attentive reader who knows these lulls will have met with a 
check in tho last paragraph, at the mention of tertiary rocks at 
Subdtliu, knowing as he should that this hill station is net orographi- 
cally in the sub-Himalayan zone. This departure from the normal 
state of things as previously sketched is one of the great advantages 
already alluded to as peculiar to this Simla area owing to its 
partially terminal position iu the Himalayan system. Not only are 
the principal rocks of the lower Himalayan less disturbed and less 
altered, and therefore under better conditions for observation, hero 
than anywhere to the east; but we also find here, between tho Jumna 
and the Sutlej, the only remnant of lower tertiary strata as yet 
observed in the lower Himalayan region, with tho exception of one 
small outlier on the ridge east of Rikikes where tbe Ganges debouches 
from the mountains. Within the sub-Himalayan zone proper east 
of the Sutlej the lower tertiary (nummulitic) beds have nowhere 
been found, much less the actual base of the series ; so that but for 
this remnant on the border of the Simla area we should know nothing 
of tho original relations of the tertiary series to the older rocks of the 
mountains, and such a gap in Himalayan history would have been 
irreparable. 

By " original relations” we of course understand the condition of 
the older rocks wlieu the next deposits began to be formed, and to 
explain this it is necessary to have some acquaintance with tho 
former. The newest rock of the older formations in the Simla area, 
is the Krol limestone, forming the picturesque mountains on three 
sides of the Solan rest-house on tho Simla road. Below the lime¬ 
stone there is an immense but unknown thickness of strata, in which 
shaly flaggy slates form the prevailing type. All these stratified 
rooks are now greatly crumpled up and deeply eroded, but it ia 
oar'inin that formerly they were quite flat and that the limestone 
extended indefinitely beyond tho limits to which it is now reduced, 
liio ago of the Krol limadone has not been fixed, for want of fossils; 
but the latest age assigned for it is the triassie, the lowest system ot 
l,|,o secondary' ora. This would muko a great break in tho sequence 



between it and tlie lowest tertiary strata; but this fact is quite 
evident independently. 

The commonest mode of junction between the tertiaries and 
the old rocks is one of abrupt abutting contact. Thus in the 
narrow ridge crossed on the Simla road between Dharampur and 
Solan the south face is of tertiary sandstone and the north face of 
the Simla slates. Had the formation of stratified rocks started 
upon an even bottom and gone on uninterruptedly, such a junction 
as this could only take place by “ faulting,” ie ., a fracture on either 
side of which upward or downward movement took place, bringing 
beds of different ages into juxtaposition. There is a natural 
proclivity in observers to interpret such junctions from that partially 
normal point of view; but it is plain that any natural basin of 
deposition formed by the depression of a land surface must present 
many steep slopes and scarps along which the new deposits would 
originally abut against tlio old. Any ono with the smallest 
geological discernment must perceive the very different significance 
of these two modes of juuctiou, so similar in outward appearance. 
The worst of it is that tho distinction of them in the field is most 
difficult, on account of the rarity of finding a contact section well 
exposed ; aud even when such a natural section is found a conclusive 
criterion may be wanting. Very commonly the appearances would 
be deceptive, especially in rocks that bad undergone subsequent 
compression, as is so markedly the case here; for a surface of 
contact between rocks of very dissimilar texture would be a locus 
ot crushing aud of friction or even of fauitiug, whereby the original 
character of the junction would be completely disguised and 
reversed. This technical point ha9 been explained at some length, 
because the interpretation of boundaries is of paramount importance 
ju geology, and prominently so in cases of mountain structure, as 
will be illustrated further on. 

Some few basal junctions of the tertiary series have been 
described, an important one being at Subathu itself, which stamls 
partly on numinulitic rocks aud partly on the slates. Between 
the bazar and the parade ground there is a steep syuclinal fold of 
the strata, a characteristic ferruginous bottom bed of the tertiary 
series cropping up on both sides and quite parallel with the bedding 
(, t the underlying slates. Down the steep valley to tho north-west 
the flexure can be traced continuously, the same beds being in 
contact throughout. Two very important inferences may be drawn 
from this section. First, that the old rocks must have been deeply 
denuded, probably as a laud surface, before the numinulitic period. 
A he total absence (so far as known) of intermediate formations 
between trias and tertiary in the outer Himalaya would in itself 
suggest such a fact, unless we were to presume that all had been 
subsequently removed ; but this Sub&thu section proves that tor an 
indefinite pre-tertiary time tins portion at least of the lower 
Himalaya had been undergoing denudation. Tho precise horizon 
of the slates at the contact has not been made out, but more or less 
of these strata and all the Krol limestone had heou removed. An 
< xtensive pre-tertiary Himalayan elevation is thus established for 
tins portion of the ground. 
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Cretaceous. 


and^WestMn , neai ,’. t!l ° Bak. ravine, not far from Musakel, by Dr. Fleming flio 
Extension °cality of wlncli, however, lias not been re-discovered. In tho 
localities near Kalabagh and Sheikh Bud in numbers of belemnites, 
ammonites, with gastropodous and bivalve shells, have been found ; 
and iu some places fossil tree trunks are so numerous as to have 
been collected and used as coal on the Indus river steamers. 

T-lic next or cretaceous group ot tho series is represented in 
recognisable form only m the easterly and westerly portions of tho 
district, and in theso places by rocks of very different appearance. 
lo the west, trans-Indus, thick soft yellow sandstones at the base 
of the eocene with few traces of fossils overlying a thick mass of 
dark cluncliy shales, containing a ueocomian ammonite, partly 
represent the cretaceous horizon ; but the saudstone seems physically 
inoie connected with the overlying eocene, and the dark shale 
contains Jurassic fossils in its lower part. In the eastern half of 
the cis-Indus Salt Range the cretaceous formation is represented 
bv a certain dark olive group of sandstones, flags, and shales or 
clays wHli peculiar shaly boulder beds of semi-trappean look, with 
great rounded (and in one case glacially striated) blocks of crystal¬ 
line rocks : with these there are a few deep red earthy and flaggy 
bands. Fossils are scarce here also; some obscure plants, fish 
teeth, bivalves, and a determinable terebratulu, where the zone 
approaches the carboniferous limits, being the principal paleontolo¬ 
gical evidence obtainable. 

These olive beds are supposed to represent a more largely 
developed mass of somewhat similar character beyond the Bora 
Ghiizi Khan frontier j and they seem much more nearly connected 
with the overlying eocene than with the groups on which they 
rest, the downward succession being to the eastward into the red 
flaggy and earthy salt-pseudomorph zone, further west into the 
speckled sandstone, and near the central part of the Salt Range 
proper, into the fringing earthy and calcareous rocks of the great 
carboniferous limestone ; while the relation to the overlying eocene, 
or iu its abseuce tho succeeding tertiary bands, remains constant. 

I his clearly proves, notwithstanding tho apparent parallelism, the 
importance of the break represented by the overlapping succession. 

Throughout the Salt Itango region aud its extensions in si 
westerly direction the series above described is generally covered 
by the widely though fugitively distributed white nummulitic 
limestone. In some localities, however, it is totally absent. Some¬ 
times it is perhaps represented by a few layers of conglomerate 
formed of its own limestone pebbles, but usually it forms a massive 
cap to all the underlying rocks, varying in thickness up to 800 or 
1,000 feet. A certain uniformity of aspect prevail^, but this is 
subject to some local variation, more in the association of other 
beds with the limestone than in the mutability of the rock ilsolf. 

Thus, in the eastern part of the Salt Range, whero the group 
in places dwindles to a few feet, it is found to includo layers of 
whitish friable sandstone below alternating with red bands, and to 
contain amongst these layers a band of coni aud coaly shale of 
varying quantify and quality, It is generally pyritous,* but some- 
iiujtis would atioi'd excellent fuel i( the cost oi extraction were not 
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likely to interfere with its value. The deposit is rather extensive, 
appearing* in numerous places from the eastern to tho western 
regions of tho range and even beyond the Indus ; but the thickness 
of tho useful part of tho coaly band seldom exceeds from one to 
three feet. To the east the carbonaceous band forms a basal 
member of the eocene group, but in the opposite direction ( in the 
Bak ravine) it lies nearly in the middle of tbe limestones, and tho 
sandy basal portion of tbe group is iu this region almost suppressed. 
Another somewhat distinctive member of tho lower nummulitic layers 
is a sort of liematitic breccia. This also occurs at more than one 
horizon further west, and indeed very closely resembles other 
ferruginous brecciated bands occurring locally in tbe carboniferous 
and Jurassic formations. 

The main mass of the limestones is of whitish or palo yellow 
colour, sometimes crowded with nummulites or alveolina, and 
sometimes containing very large ill-preserved casts of echinodorms, 
bivalves, and gastropods. It3 uppermost layers in the east Salt 
Range are of mingled calcareous arenaceous and argillaceous character, 
amongst which or intervening between them and tho stronger 
limestone is a conglomeratic layer formed of hard limestone and 
cherty nodules containing nummulite3. 

Far to the westward, trans-Indus, somewhat similar conglo¬ 
meratic bauds occur iu the lower part of the groups as well as 
above : in the former case associated with the yellowish white 
triable and more missive sandstones which hero seem to link the 
eocene and cretaceous horizons, while those conglomeratic layers 
winch occur near tho upper limits of the eocene groups aro 
associated with gray and greenish ehaly clays not unfrequeutly 
present in the Suhathu group. 

The last of the nummulitic limestone of tho Salt Range region 
is seen in the Maids u range trans-Indus north of the river Kttrram, 
where some of its thickest exposures occur. It is there covered bv 
the anticlinal folds of the newer tertiary rocks, and where it should 
reappear in the southern sections only bands of conglomerate 
containing nummulitic or alveolina limestone pebbles are met with. 

To the northward of this country however, in tho Kohat district, 
where the prevailing newer tertiary beds are pinched into anticlinal 
and synclinal folds corresponding witk the hill and valley structure 
ot the region, tho nummulitic limestone is frequently exposed, forming 
the interiors of several ellipsoids, and resting generally upon a 
zone ot deep red clay which immediately overlies the gypseous 
upper portion of (lie local saline group. 

The iiumimilitiu limestones here are generally thinner ns a 
group than in the Salt Range. They are often crowded with 
alveolina, nummulites, pelecypoda, gastropods, <&o., and contain 
frequently deep yellow magnesian looking bauds, and 'often appear 
to be intercalated with the adjacent rod and greenish sandy beds 
of Dujrshnr or Murreo character, but tho intensity ot the folding 
tho rocks, have undergone renders it almost equally probable tho 
appearance is dim, ns It is certainly in some cases, to contortion. 

In the wcaGm ly portion of some of these ellipsoids the eocene 
litnoslonoa uro closely associated with greenish olftys liko thoso in 
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Tbo second point established by the Subatbu section is equally 
important as regards the mode of that disturbance. When tho 
nummulitic deposits took place at Subatbu the old slates theie 
must still have been approximately borizoutal, for the strata of both 
formations coincide. It is thus shown that little or none of tbo 
special disturbance now characterising tho Himalayan region had 
then taken effect in this position, so that the previous elevation of 
this area must have been of the kind known as “ continental.” For 
the study of tho difficult question of mountain formation, such 
points as this are of great importance; where evidence is so com¬ 
plicated and obscure, and inferences are accordingly more or less 
conjectural, any fixed point in the enquiry is very precious. 

The older tertiary strata boro soein never to lmve got. level 
with the top of the Krol limestoue, which probably formed scarped 
plateau islands in the nummulitic sea or estuary. The conditions 
would further suggest that for the lowest tertiary rocks, ns already 
shown for he upper part of the series, the northern limit of deposition 
was not far from the present nortli boundary. The wliole tertiarv 
outlier on tho edge of the outer Himalaya, like the small 
section at SubatbiC is supported on the older rocks, which can be 
seen beneath the nummulitic beds at many points along the outer 
boundary. To the north-west, at the Sutlej, the outlier passes into 
a zone that must appropriately be considered as fully belonging 
to tho Bub-llirnalayan region, and iu which the lower beds become 
rapidly depressed out of sight ; while to tho south-east, before 
reaching the Jumna, it becomes extinct by denudation aloug a ridge, 
thus directly illustrating the general easterly increase of the cleva- 
tory action in early tertiary time. 

Only marine nummulitic deposits have so far been mentioned 
: in connection with the lower tertiaries of Subatbu, and these lowest 
beds are known as the Subatbu group ; the prevailing rock is a 
crumbling yellowish brown clay with some bands of earthy limestone 
in which the fossils are principally found. The thickness is very 
variable owing to inequalities in the floor of deposition : in the 
little section "already described at Subatbu there may not be more 
than 100 feet of the bottom beds, while iu. the deep valley to the 
south, and elsewhere, tho group must be nearly 1,000 feet thick. 
It passes upwards transitionally, by interstratification, into rocks 
of the normal sub- Himalayan type, thick red clays and strong gray 
and purplish sandstone ; these are well exposed in the Dagshai 
hill, and this name has been adopted for this portion of the series. 
In the highest beds sandstone almost exclusively prevails, as in the 
ridge at Rasauli, which name has been given to this upper division* 
In a fine greeuish slinly hand at Kasauli numerous fossil leaves 
have been found indicating the proximity of a sub-tropical torost. 
The thickness of these upper freshwater doposits may be about 
1 000 feet. Thus tho rocks of lower tertiary outlier form a closely 
connected and complete little sories to which the local unme 
Sirinur has been given for convenience oi distinction, iroin the 
Native State iu which ft largo portion of tho outlier occurs. Within 
tho series a most complete change takes place in the luoios ot the 
deposits, from exclusively muddy beds with marine loasiU into a 
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prevailing sandstone formation in which the only remains are 
terrestrial. The change took place most gradually, apparently by 
the filling up of an estuarine basin and the consecjuent exclusion of 
marine by flu vintile deposits; the latter being of the type that; 
henceforth obtained exclusively 'throughout the sub-Himalayan 
period. Fossils are very scarce, and without them any more precise 
sub-division of the series would be impracticable ; but no doubt it 
represents a long lapse of time, during which the growth of the 
Himalaya had steadily progressed. 

Having now got Romo idea of this Sirmur aeries at the base 
of the tertiary system, and of the Siwaliks at its upper limit, wo 
may endeavour to fill the gap between them ; even a partial equivalence 
of those two has never been suggested, but such a relation in part 
has been maintained for cacli with reference to an intermediate 
group of rocks. In the far north-west generally, and even in 
Kdngra locally, there is apparently continuous transitional sequence 
throughout the whole tertiary system, and auy divisions to be 
attempted there can only be of the approximate kind already 
indicated in the Sirmur series ; but east of the Sutlej along the 
whole lower Himalayan border there is a sharp abutting boundary 
(wherever the contact has been observed) between the Siwaliks proper 
and aii inner band of more or less similar rocks lying at the very 
toot ot the mountains, the two beiug generally separated by the 
longitudinal valleys known as cl/ins. The town of Nabau, the capital 
<-t Sirmur, stands on this inner zone, and it is convenient to 
designate it by this name ; it consists of moderately hard thick 
sandstones and red clays. On tho inner side the Nalmu group is in 
abutting coutact with the slates, along what may be conveniently 
referred to as the “ main boundary,” being that .at which a total and 
permanent change of rocks takes place throughout the whole outer 
Himalayan border; only in the Simla area do the N&lian beds come' 
wto juxtaposition with the Sirmurs at this boundary, and the 
discussion of their relative ages is a very close one. 

For both the Nalian boundaries "the doubt lies in the difficulty 
indicated in a previous paragraph regarding the interpretation of 
*teop abutting junctions, whether or bow bn* they are original or 
induced by faulting. It was for a time thought that a certain section 
of the Nahan-Siwalik boundary gave positive proof of its being an 
m igimil contact by the interlocking of projecting portions of the 

formations in a manner incompatible with a faulted junction, 
and such as would naturally occui if the newer strata had been 
deposited against an unevenly worn cliff of tho older; but the 
observation was erroueous, and the question is still au open one. 
It the feature be due to faulting, the “throw” must he of several 
thousand feet, for the horizons in contact are topmost Siw&lik 
conglomerates and lowest Nahan beds. In such ground this.might 
not be objected to, but there are other facts against the view ot 
simple faulting : the run of the boundary is sharply irregular, and 
this is scarcely compatible with a fault of such magnitude ; but 
the Siw&lik conglomerate here is largely made up of bouldors 
Mahan (or Sirmur) sandstone, which suggests or requires that 
"lam the conglomerate was laid down tho relative position of tlje 
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the eocene strata flanking the outer Himalayan lulls, and these clay 
rocks sometimes contain sandy layers rendered conglomeratic by the 
presence of nummuhtic limestone pebbles enclosing nummulites, so 
that the occurrence of au apparently derived detrital rock of this 
kind cannot always be taken as evidence of later general age than 
the rock of which it is formed. Bearing this in mind, it seems not 
unlikely that the conglomeratic or pebbly layers found at the base 
of the tertiary beds in the neighbourhood of the Sheikh Budiu gund 
represent some stago of the eocene period, a surmise that might even 
be extended to the more heterogeneous detrital accumulations of 
pre- tertiary rock, fragments of which form the floor of the tertiary 
series in the northern part of the Kin Khasor ridge. 

We may now make one or two general remarks iu connection 
with the Salt JRange or extra-Himalayan pre-tertiary series. The 
wide range of these deposits through so much of geological time 
intensifies the peculiarity that strongly-marked discordances, such 
as are ft und in other regions, should bo absent, the breaks 
in fho succession elsewhere marked by discordance seeming here 
to have been recorded iu the less abrupt form of interrupted succes¬ 
sion known as overlap. As to what lengthened periods of duration 
these overlaps may signify, or how slight may have been the local 
arrest of deposition, it is impossible to arrive at accurate conclu¬ 
sions ; it may even be that some of the isolated deposits are more 
nearly contemporaneous than there is evidence to prove. 

The salt marl and gypsum forming the floor of the series aro 
overlaid by the purple sandstone, to which succeed two other con¬ 
formable deposits, the Obolua and magnesian sandstone groups not 
known at any place to rest upon the saline group, aud therefore 
to be considered local. These three groups are all overlapped by 
the sub-carboniferous speckled sandstone, which at one or two 
isolated aud faulted localities iu the plateaus of the range, as well 
as in many of its southern aud western sections, next succeeds the 
gypseous and saline groups. Amid the complications aud dislocations 
near the Iudus the speckled sandstoue may be itself suppressed, 
unless faults prevent its appearance between the same saliue group 
and the carboniferous limestone. 

The latter group with its accompanying eeratito beds, strongly 
developed iu the west aud trans-Indus, dies out in an easterly 
direction, the triassic portion disappearing first ; and the last 
fossiliferous representative of the carboniferous limestone is situated 
in the same position below the overlapping cretaoeous olive group, 
as is the red flaggy salt-pseudomorph group of the conformable 
eastern series. This olivo group, dyiug out westward aud but 
feebly represented trans-Indus, is overlapped by the eocene limestone, 
which also overlaps the termination of the triassic and jurassic 
groups, and is itsell again overlapped by the newer tertiary detrital 
beds. These at the east of the range may be found resting on the 
Obolua band and away to the west trans-Iudus upon tho cerutitc 
group. Tims, although there are but meagre traces of absolute 
unconformity, there are at least four promiueut eases of overlap or 
suspended deposition 
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Another point of interest connected with the geology of the 
region is the reappearance of detritus foreign to tho whole of this 
part of the country in thick boulder clays or thinner conglomeratic 
beds scattered throughout the series. The crystalline blocks found 
in the sub-carboniferous deposits of the Khasor range and cis-Indus 
western Salt Range proper are well rounded far-travelled fragments, 
often of considerable size, and sometimes polished or even faintly 
striated as if by glacial action. No similar parent rocks are as yet 
known amongst tho adjacent Himalayan or neighbouring mountains ; 
but the circumstance that these boulder beds occur more or less in 
the vicinity of the Indus points to the possibility that this ancient 
river, which transported materials so largely to form the conglome¬ 
rates of the newer tertiary Siwdliks, may even at the far earlier 
period indicated have existed aud carried down this rounded detritus 
from unknown regions. Failing this, their source must be sought 
in lost hills or shores buried beneath the southern plains or connected 
with the peninsular system of India. 

Passing over numerous conglomerate layei’3 in other parts of the 
series, containing crystalline fragments very similarly constituted, 
boulder beds recur again in the olive group, as previously men¬ 
tioned, with distinct evidence of contemporary glaciation, but 
yielding no more information as to their source. One enormous 
block ot red granite, supposed to have been derived from this group, 
lie3 eastward ot tho Collector’s house on the salt-marl of Kliewra 
near the Mayo mines. 


SECTION E.—HIMALAYAN DISTRICT—TERTIARIES. 

The Himalayan districts of the Punjab comprise an area of 
peculiar interest in Himalayan geology. In Kangra, Kulu, and 
the Simla region there is a very complete display of tho great sub- 
llimalayan system ot tertiary rocks, and also the most favourable 
exposure of the scries of limestone slate and schists forming the 
outer or lower Himalayan mountains south of the great snowy 
range; while in Spiti the fossiliferous palaeozoic and secomlaiy strata 
on tho north of the range are well represented. 

These advantages of the position are due to the fact that we have 
hero the beginning of the end of the Himalayan range proper, tho 
snowy mountains of Hindustan. The most strikiug feature of the 
case is the complete obliteration here of the broad region, 40--50 
nules wide, of lower mountains ranging up to 12,000 feet that 
everywhere to the east skirts the south of the main range, comprising 
the district of Kumaim, tho kingdom of Nepal, and the territories 
ot Sikkim and Bhutan. The Simla area is the most north-westerly 

mark this 
elevation ; 
), At the 

eastern edgo of the Punjab, near the Jumna, the sub-Himalayan 
tertiary zone is only about 10 miles wide, representing thus the 
condition it maintains eastwards to the tar upper end of tho Assam 
valley ; but in K&ngra tins zone is nearly 60 miles wide* duo to 
ouoroiichmcnt on the position of the lower Himalayan region. 


portion of that region. A really well-shaded map would 
change sufficiently by the corresponding abrupt change of 
but on a jreolorncal man tho feature is most distinct 
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older sandstone must havo been more or less whnt it is now. No 
distinct identification of beds in the Nahans and Siwaliks on opposite 
sides of the boundary, as implied by faulting, has been made, but 
it is not denied that such may be possible. 

In the case of the Nahan-Sirmur (main) boundary, faulting 
to a great extent has probably occurred, yet it is still doubtful 
whether any part of the Nalian group corresponds with any p« rfc 
of tho Sirimir series on opposite sides of tho line. On the strength 
of an admitted general resemblance it has been asserted that tlio 
Pagshai and Nalian groups are equivalent, but there are great 
difficulties in accepting this view. The thickness of strata exposed 
in various sections of tho Nfihan zone is greater than the Pagshai 
group exhibits anywhere in the Sirmuf area, yet nowhere have the 
Subatliu beds been detected outside the main boundary, although 
they are so freely exposed in the adjoining area inside it. The only 
possible representative of the Kasauli beds would bo the top NAhan 
sandstone, for clays become more and more abundant low down in the 
section $*yet the lowest points no sigus of tho easily-distinguishei 
nuinmulitic clays have beeu detected in the many sections that have 
been explored. Tho correspondence of the Sirmur and Nahan 
formations can only be maintained on the supposition that tho 
deposits thickened very rapidly to the south, and that thus the 
nuinmulitic beds have beeu permanently depressed out of sight on 
the downthrow side of the fault; but until the matter lias been more 
thoroughly investigated it is well to keep the two in view under 
distinct names. In any case a name would be required to denote 
the inner zone of middle or lower tertiary rocks, so well defined 
structurally and so persistent throughout the sub-Hiinalayan region 
from the Simla area eastwards, and as typically displayed in tho 

Nalian section. # . 

It may have been remarked with surprise that m tins tentative 
discussion upon the classification of the sub-Himalayaft tertiary 
rocks so little mention lias been mado of fossils, which are generally 
understood to be tho certain indicators of stratigraphical horizons. 
The truth of this rule in a very important degree has been already 
exhibited in the initial determination on no other grounds of two 
horizons in this great series of deposits, the lower tertiary marine 
nummulitic beds at the base and the upper tertiary mammalian 
laud fauna at top. But for detailed classification this important 
branch of geological evidence is in a great degree dependent, and 
In a nev/ regiou must always remain so, upon the stratigrapliieal 
observations by which the pal icon tological rule was first established. 
When oucc the original order of sequeuce of the strata has been 
clearly made out in any one section of a new field, however large, 
and the distribution of organic remains in that sequence made 
known, a single fossil from a distuut outcrop will often decide with 
groat precision the position of that outcrop in the local series ; hut 
the preliminary stratigraphical diagnosis cannot bo dispensed with. 
In many geological regions this is comparatively plain sailing : we 
have however already seen something of tho difficulties that besei 
it in a mountain region, especially in those deposits whose growth 
was contemporary with that of tho mountains themselves, whereby 
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they were subjected to chronic disturbance producing sfcratigraphical 
anomalies that never occur under uonnal conditions of deposition, 
such as complete conformity and utter discordance within a small 
group of strata at a very short distance. Iu ground of this kind 
fossils would indeed be of direct and immediate aid, where crucial 
sections are so rarely exposed, as in such a case of discordance, if 
the same or very closely allied fossils were to be found in the beds 
thus discordant, the anomalous physical relation would be at once 
betrayed. Similarly, on a large scale, the detection of the same 
fossils at distant points in a section would give a safe presumption 
of corresponding horizons: it is for the due co-ordination of different 
fossils that a prior stratigraphical study is needed. 

Owing to difficulties and mishaps our knowledge is still very 
unsatisfactory regarding the distribution of fossils" in the sub- 
Himalayan rocks. The great mass of them contain only terrestrial 
and freshwater fossils, and these are by nature peculiarly capricious 
)n their occurrence. Major Vicary mentions having found bones 
in the clay on which the Quarter-guard at Sub&thu stands, but they 
were never described and have been lost sight of. That was more 
than thirty years ago ; and it is grievous to think how mauy 
thousands of British soldiers have since then spent the season at 
oub&thd, sadly in want of something to do, and to some of whom at 
least the search for fossils would have been a pleasant pastime, yet 
nothing of the kind has been thought of. A similar misfortune 
happened to some teeth and other mammalian remains found by 
v^olonel Cnutley at Nalian, which he identified coniecturally with 
tuoso he had found in a similar clay at the base of the Siwulik hills 
east ot the Jumna at the mouth of the Kalawaia pass. This was 
just the sort of observation that is so much needed as affording 
an identification of horizons on opposite sides of the disputed 
boundary. On account of this, and as several experienced 
observers had subsequently searched iu vain for fossils about Nahun, 
special reference was made to Sir Proby Cautley oil the subject, 
and lie very positively confirmed bis statement that he had fotiud 
the fossils “ on the north side of the town of Nahan.’' AU Colonel 
Uutley’s magnificent collections were sent to the British Museum. 

balcouer’s description of them in the“ Fauna Autiqua Sivaleusis ” 
' Vas protracted, over many years and uevor completed. Iu this 
work the largo showy specimens from the outer and uewer rooks 
[ aimed first attention, so that the smaller things, often of greater 
interest to the geologist, dropped out of sight, and cannot now ho 
ouud. Other instances might be given of invaluable specimens 
being lost for any real use through tlfB mistaken zeal of private 
ci'lleetors, hoarding as curiosities what might iu proper hands bo 
important contributions to knowledge. Whatever excuse there 
may have been in past years for this wasteful practice, there can 
noue now that a properly -appointed Museum is established iu 
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.All the materials of the “Fauna Antiqua Sivalensis ” were Odginatcoi.i'-isinu 
obtained in the Punjab, in the outer hills between |hd jTuffln* and the o£ 
j l kj; for it does not appear that any fossils of tho considerable 
kdl vury local find at Clio Ivalawala pass wmo over specifically 
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From this nexus ol contorted strata originate tho flexures winch 
produce some* principal features of the sub-Himalayan region to 
the west. The first great flexure passes down the valley of the 
Gambhar, and before reaching the Sutlej exhibits what may ho 
called the normal structural feature of the sub-Himalayan region, 
a junction along which the newer strata appear to dip under 
the older. A second similar feature, a little to the south, originates 
in the Mangarh ridge on the left branch of the Sutlej. They both 
are evidently faulted fie: ures of apparently great “ throw and 
thus bringing rocks of very different horizons in contact, they 
are geological boundary lines like those already described. In an 
important respect there is a marked difference between these other¬ 
wise similar boundaries: those described to the east exhibit 
frequent sharp changes of direction, whereas these two in the 
western area can be traced in remarkably straight lines or very 
flat curves across tho Kangra district and through the Jammu 

bills into tho Jliolum district; they are constantly connected with 

more or less steep ridges formed of the harder lower rocks on tho 
up-throw side of the fault, always more or less steeply inclined. 
Away from the line of disturbance newer strata, generally conglome¬ 
ratic, come in, and the dip flattens to the horizontal, forming duns 
in the manner already described. There are three principal thins 
thus formed in the Kangra district. It is hero again noteworthy 
iliat, although the leading structural features of the sub-Himalayan 
zone are of the same type throughout, there is complete break 
of continuity between the actual lines along the lower Himalayan 
border and to the west of it, although in each area those linos 
are remarkably continuous. 


Th, Sirmur zone It has boon said that west of the Sutlej tho Sinnur series 

between tho Sutlej which in the Simla area is found on the south-western margin 
nud Unvi. c f tl, 0 lower Himalayan region, jomes down to form an inner zone 
of the sub-Himalayan region; and that henceforth to the west the 
a main boundary is the inner boundary of tho Sirmur zone. The 
depression, or even partial suppression, of this zone in tho Kangra 
district, and especially in tho neighbourhood of the Bens, is itu 
interesting and still obscure point in early Himalayan history. 
This great torrent leaves the mountains close to the innermost 
angle where the termination of the lower Himalayan boundary bonds 
into tho strike of the main axis along the base of the Dhaola Dhar 
ridge. The gradual introduction of higher bods along the outer 
boundary of the Sirmur zone (the old “ main boundary ) north of 
tho Sutlej, aud tho final overlap of much newer conglomerates 
across the prolongation of that boundary, have already been noticed. 
A similar change takes place along the inner boundary (tho now 
nniu boundary) aud throughout the whole zone, which is here 
some twelve miles wide. The bnsal nnmrnulitio group entirely 
disappears, and has not been again detected east of the llavi; aud in 
the section of the Bens the prevailing type of rock is more that 
of the Siwftlika than of tho lower tortianes. Near Sib, north cd 
the salt mines at Drang, the topmost beds next the boundary are 
fresh-looking conglomerates, dipping ns usual towards and apparently 
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under the dd rocks. This is tlio most easterly appearance of 
a conglomerate in the Sirmur zone, and it shows at least that the 
clmnge noticed here is not merely owing to a local defect of indura¬ 
tion. A remarkable fact has been noticed regarding this conglome¬ 
rate* : the top bods contain much largo angular debris of limestone 
and pinlt sandstone found in the adjoining ridge of old rocks ; hut 
the rock now most prominent in that ridge, and the debrie of which 
is most abundant in the actual talus, is not represented in the 
conglomerate. It is a trappean rock ; and the obvious suggestion 
is that its intrusion is of later date than the conglomerate, which 
is what we should expect if this rock is of Sirmur age. Passing 
on westwards a reverse change sets in, the rocks again presenting 
nil older facies with greater induration and a corresponding increase 
in the general elevation of the ridge3, which is a marked feature 
throughout the Sirmur zone. The sanitarium of Dharmsala is in 
this zone, close under the lofty Dhaola Dh&r at about its middle. 
South of Pahimpnr a spur of tho Sirmur rocks runs south-eastwards 
and looks like a reappearance of the old main boundary from 
beneath the overlapping newer tertiaries. Towards tho llavi the 
Sirrnur.bftud becomes very narrow, locally almost obliterated : a condi¬ 
tion evidently connected with the extreme disturbance and compres¬ 
sion to which it has been subjected in this position. At tho end of 
tho Dh&ola Dhar, west of Dalhousic, the rocks aro so crushed up 
with tho slates that the boundary becomes very obscure, and the 
Pocks scarcely identifiable. Fortunately in this very place some 
plant fossils were found identical with those in the Kasauli beds, 
it seems impossible not to connect tho condition of these rocks 
here with the extrusion of the gueisaose granite of Dalliousio. 

Tho question to ho worked out in tho K&ngra district and 
throughout the region to tho west is, how far these successive 
sections of similar rocks are repitit-ions of the same series. From 
each of the fault boundaries that traverse tho area from end 
to end we find an ascending series from deep red clays and strongly 
indurated dark sandstones through gradually paler and softor strata 
ending in coarse conglomerates. If wo could take these boundaries 
U9 simple faults, of later date than the newer beds at tho contact, 
and all more or less synchronous, the equivalence of tho several 
bands of similar rocks might be assumed ; but the probability 
is rather that those dislocations were not synchronous, that each 
took ages to produce, and that deposition was going on all tho 
time. Nothing short of exteusive dissection of tho ground would 
make it possible to unravel the strutigraphieal complications 
resulting from such conditions; so tho solution must in a great 
measure rest upon fossil evidence, and this is very scanty. In 
the two outer ranges some fossils have been found, but not one ns 
yet linn boon recorded from the inner half of tho tertiary area in 
the Kaugra district. As tin’s is the very ground that has been 
so much taken up by English settlers, we would impress upon 
them the very great interest that attaches to any find they may 
make of organic remains, and tho importance oi noting tho 
position iu which they occur. 
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Himalayan . The town of Jammu stands on tho outermost fringe of the 
Tertlaries^ Siwalik hills, and the condition of the upper tertiaries in this area 
The tertiary zone in * 8 a continuation of that in Kaugra. If however we may 

Jammu, take tho Jammu hills to mean the tertiary rocks outside the Pir 
Panjal range between tho Ravi and the Jhelum, something has 
to be said regarding tho Sirin nr zone. It repeats in a partially 
reversed way the conditions described in the Simla area. There 
the lower tertiary series occurred as an outlier among the older 
rocks, while in Jammu tho older rocks occur extensively as inliers 
in tho Sirmur zone. At tho Ravi the zone is only a few yards 
wide, but it expands steadily westwards with increased elevation 
of the rocks. At the Pine river, 16 miles from the Ravi, the 
Subathu nurnmillitics appear along the outer boundary. At tho 
Tawa, 50 miles from the Ravi, the band is 18 miles wide. Not 
far to the west, on the Chenab, there are two extensive inliers of 
massive limestone : the largest occurs at the outer boundary, forming 
a lofty ridge 6ome 80 miles long, through the very centre of which 
the Chenab flows by an impassable gorge just above the town o_f 
Ruissi, This limestoue is more massive than that of the Simla 
area. No fossils have been found in it, and it is only conjecturally 
correlated with the Krol limostone. These inliers are not, however, 
like those of the Krol limestone, masses isolated by denudation around 
which tho Durmnulitic deposits had been laid down ; they are altoge¬ 
ther the result of later upheaval, for the nummulitics are found 
on the highest summits of tho limestone, and everywhere, as in 
the Simla area, the bedding in the two formations is conformable 
notwithstanding their prodigious difference in age. It would thus 
seem that the pre-tertinry elevation and denudation so well marked 
in the Simla area had been less effective here. Some important 
modifications are noticeable in the Subathu group, the beginning 
of the conditions that prevail in tho extra-Himalayan region to 
the west. The same pisolitic ferruginous bottom bed occurs here 
too; but there is a greater concentration of the limestone near the 
base, and below it we find a carbonaceous band that is not represented 
in the Simla area, but is the same that has so often raised and 
disappointed hopes in the Salt Range, the Ohitapalidr hills near Attock, 
mid all down the flanks of tho Buie nidus into Sind. This “coal” is 
nowhere more developed than on the western flanks of the Riassi 
inlier; and it. is again well seen about the similar iuliers on the 
Punch river, as at Dandli. As we found the lowest beds of the 
zone along tho outer boundary, so the highest are found at tho inner 
(main) boundary. Ou the upper Tdwi, west of the Hindi gap, 
strong conglomerates are found nearly vortical next the old rocks, 
and the puzzle is that they are largely made up of coarse sub- 
angular debris of tertiary sandstone. This is an opposite difficulty 
to that noticed in the homologous position at Bib. Again, on a 
branch of the TAwi, north of Cliineni, there is a considerable 
thickness of pale soft clays* more like Siwaliks than Sirmurs ; a 
eearch in them for fossils might reveal something. 
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SECTION F.—HIMALAYAN DISTRICT—THE MOUN¬ 
TAIN REGIONS. 

Incomplete as has been the study of the sub-Himalaj’nn tertiary 
zone, the examination of the higher mountains is still less advanced, 
and only general indications of the structure cau ho given. Al¬ 
though tho actual features do present three distinct regions, geological 
as well as orographical, namely, the lower Himalayan, the axial, and 
the trans-Himaiayau or Tibetan regions, in a brief sketch like the 
present they must be treated couuectedly. 

Provisionally we may speak of two main series of rocks in tho 
lower Himalaya—one of little altered rooks, and the other of 
mica-schists and gneiss. In the Simla area the former occupy a large 
portion of the lower Himalayan region on its outer sido, while the 
inetnmorphics belong rather to the axial region. As wo go eastwards 
the metamorphism increases more and more, so that on.the Nepal 
uud Sikkim border there is scarcely a remnant left of unaltered 
rocks. It is thus evident that the Simla area offers special advan¬ 
tages for observation. 

The least disturbed section of the lower Himalayan series is 
that on the main road to and beyond Simla. Immediately inside 
the tertiary rocks of the Sirmur outlier the road winds round two 
mountains of limestone, tho Boj and the Krol. This.limestone is 
certainly tho newest (highest, youngest) of the old rock series on 
this section, and as yet no newer rock has been finally identified 
in this area, although the occurrence of such is by no menus impro¬ 
bable, seeing the immense break in time between this limestone 
and the oldest tertiaries. By comparison with the sections in 
Spiti the Krol rock has been provisionally identified as triassic by 
Dr. Stoliezka and others who have seen both sections. Tho Krol 
limestone is quite unaltered, often earthy and with alternating 
shales, and at its base there is a variable band of saudstone. 
Below this group, to the lowest depths of the valleys, we find 
only shaly flaggy slates, with one important exception: at about 
1,000 feet below the Krol sandstone there occurs a small but very 
well defined group, of wide distribution ; it consists of a clear pale 
gray, pink, or buff, dense magnesian limestone, overlying a quartzite 
sandstone which is very generally conglomeratic. The two 
together do not generally exceed 1 ()() feet in thickness ; they are 
well exposed in several outcrops along the Blaiui stream, which 
takes its rise west of the Solan rest-house, and hence the group has 
received the name Blaiui. The beds between tho Krol and the Blaiui 
groups, classed as the iufra-Krol shales, are ofteu carbonaceous, 
ho much so that coal-miuing has been attempted in thorn ; but they' 
are not otherwise very different from the beds below tho Blaiui 
g 1 '-up, generally referred to as the “ Simla slates, '* which are often 
sufficiently indurated and fissile to he used for roofing, as at Simla, 
but are not true cleavage-slates. The provisional scale ol groups is 
then as follows :— 0 

Kr<»l Limestono with shale ; 

Sandstone, 
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In fra-Krol :—Shales and Harrs, often carbonaceous. 

Blaiui *(Jlear pale limestone ; 

Conglomeratic quartzite. 

Simla slates :—Flags and shaly slates. 

The want of fossils in the lower Himalayan rocks is one of the 
most disappointing and puzzling features in the geology of the 
region. All the rocks just mentioned are such as commonly abound 
in fossils, yet numerous expert geologists have searched these rocks 
in vain, with one obscure exception ; globular and other concretionary 
shapes in the limestone lmve frequently been mistaken for fossils, 
blit one small find of undoubted organic remains was made in a 
baud of limestone low down in the gorge of the Bheug (or Talj, a 
stream east of the Ganges in the eastern Dun ; they were casts of 
bivalve shells, but too imperfect for identification. The contrast 
in this respect with what are supposed to be equivalent rocks on 
the north of the granitic axis is remarkable, and on that supposition 
almost precludes the possibility of the basins of deposition having 
been originally continuous. A connection has thus been suggested 
between the lower Himalayan series aud the great Vindhyan series 
of lifeless rocks of peninsular India, although there is little or no 
lithological resemblance between the two : from this point of view 
it is said that the crystalline rocks of the Himalayan axis may have 
then formed the north limit of the Indian continental region, and 
the lower Himalayan area a laud-locked basiu, and so, for some occult 
reason, without living beiugs. Another explanation lies in the 
correlation of these beds with much older slaty strata of the 
Tibetan regiou, which are there also comparatively barren in 
organic remains. This is superficially the simplest view ; but any 
decision in the matter would be premature from present knowledge. 

Where such intense disturbance has taken place the distribution 
of the rocks is necessarily very intricate. The limestone on tho 
Krol is isolated as a capping ; but from Kanog hill on the east it 
stretches in a more or less continuous ridge to the Tons, and on 
both sides of this valley it is found a long way northwards. West 
of the Krol there is an interruption in the usual fringing ridge of 
limestone. On the old road to Simla passing under Subdthu it does 
not appear, but it comes in again at Arki and continues thence north¬ 
westwards with very local interruptions, even in tho narrow zone 
between the gneiss and the tertiaries along the fiuukof the Dhuhulhdr. 

For reasons explained in a former section it is ualural that tl»is 
highest rock of the series should occur most constantly in the position 
of h ast elevation on the margin of the region; and we may in nu 
analogous way explain its frequent appearance iu transverse areas 
of depression, coinciding with the great river basins. Thus it 
stretches far up the valleys of the Boas and the Sutlej which are 
separated by tho lofty J.ilori ridge of gncissic rocks. In these 
positions it often occurs at the lowest levels and reaches up to the 
summits oftlie adjoining ridges. The Shuli mountain which forms 
such a picturesque object in the view to tho north-east from Simla 
is a peak of this limestone, rising precipitously from the bed of the 
Sutlej, 
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The centre of the Simla area, between the basins of the Sutlej 
and Tons, is principally formed of the Simla slates; and at Simla 
itself there is a remnant of the Krol group. The ridge is formed 
of tho northern arm of a local synclinal, and there are several 
typical exposures of the Rlaini group along the northern and eastern 
sides, at the lower limits of the station. The overlying beds are 
those of the infra-Krol group, the carbonaceous character being 
well exhibited at many poiuts on the north side of Jako; the 
Boileauganj quartzites represent the Krol sandstone ; and at Jatogli 
there is a remnant of the limestone. On the southern side of tho 
synclinal the quartzites form the Tara Devi moimtaiu. Tho 
culminating point of this area, and tho most conspicuous feature ill 
all this part of tho region, is the Chor mountain to tho south-east 
ot Simla, rising to an elevation of 11,982 feet. It is of crystalline 
rock, but is an inlier (surrounded by the Simla slates), and not, like 
the Jalori ridge, a spur from the axial range. The nature of this 
rock will be discussed presently. 

The distribution of the basic igneous rocks in this region is 
very noteworthy, in their almost exclusive preponderance in tho 
areas of relative depression already noticed. Iu the section through 
Simla only one small vein of trap has been detected, near Narkanda ; 
whereas in the adjoining valley of the Butlej and again in that of 
the Beas strong irruptive dykes are frequent. It is pretty certain 
that these intrusions were of middle or late tertiary ago. A 
suggestion to this efFect was noticed iu the absence of trappeau debi'is 
in the Sinnur conglomerate at Sib, although trap is now conspicuous 
among the rocks from which tho materials of that conglomerate 
must have been derived. Conclusive evidcnco has however been 
reported iu the very local intrusion of this trap into the middle 
tertiary saudstono aiong the main boundary at the Gin. That such 
intrusions in the older tertiary rocks should be so exceedingly rare 
seems, under the circumstances, rather unaccountable; tho massive¬ 
ness and comparative softness of these rocks aud their consequent 
indisposition to assuring may explain the fact. 

I he relation of the lower llimahiyau series to the gueissic 
peri, s is a crucial question in Himalayan history, and one upon 
which the evidence is still very obscure, or even conflicting. Wo 
have, for instance, already entertained two suggestions that are 
seemingly incompatible iu this respect. The notion that during 
i 10 Krol period there was already a gueissic barrier in the positioned 
t io pie.sonl axis lias been put forward to account for tho iioii-appourauco 
ot lossils to the south $ and some direct local observations scorn to 
confirm inis view. In some sections north-east of Simla tho Krol group 
lii'.s ooen described ns overlapping tho Simla shite.s and rusting upmif lu*l 
Hanks ot the gneissio range as if in original juuction, tho net uu 
contact features being only obliterated by subsequent met a morphism, 
h ho whore, on tho contrary, and at no groat distance, n« in tho Sutlej 
valley along the south base of the Jalori ridge, the whole Krol group 
seems to plunge steeply beneath tho gneiss. On the other baud, 
wo have Boon that tho bottom tertiaries won? deposited on the ttuoon- 
torUd slater* and it is ditlieuU not to connect that contortion with 
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tlie formation of the principal stratigraphical feature of the mountains 
llte axis to which all these flexures are related. It is true that as a pre¬ 
existing ridge its influence under general pressure in determining the 
direction o( secondary axes would, have been very similar—we have 
already attributed the directions of the extra peninsular mountain 
systems to the form of the older continental mass—and along the 
fringe of the lower Himalayan region, at a distance from the’axial 
rocks, where wo have already shown the great flexures of the later 
tertiary deposits to have been produced since the adjoining mountains 
had assumed their present shape, it seems most reasonable to extend 
a like relation to tlio slate rocks and the axials. It is where the 
extreme terms of the series occur in close proximity that the ques¬ 
tion comes to a crisis : standing on the contorted'eocene rocks at 
the base of tbe Dhaola Dhar, within rifle range of the gneiss forming 
that precipitous ridge, it seems impossible to imagine ^that this can 
base presented anything like its present condition when the eocene 
rocks were laid down ; and the Dhaola Dhar, as we have seen, is 
nr. exact representative and an actual prolongation of the mam 
ll firm! ay an axis. 

In description of mountains the word “ axis u is of frequent 
recurrence, and as it may be used in different senses it is well to be 
able to distinguish these. For the geographer, who deals only with 

superficial'feat tires, the definition would seem simple enough_tlio 

chain of loftiest summits determining the axis of the mime. In a 
simple range this presents no difficulty; but in a great*complex 
mountain system, such as we have here to deal with, some safer 
guide than mere elevation and position is needed, and geology offers 
t lio best standard of reference, there being a very close connexion 
between superficial features and the rock structure. For instance, 
very lately an official geographer in England has contended that 
Rome of t he trans-Indus peaks’are properly referable to tho Himalayan 
chain, How this chain, as above defined, coincides with a great 
stratigraphical axis ; a lino of granitic intrusion ami of maximum 
upheaval, along which the oldest rocks attain their greatest elevation. 
As thus inn-T clearly defined, tho Himalayan range and axis 
completely die out within the Kashmir border, and the^trans-Indns 
peaks aforesaid are geologically connected with the great gneissic 
rmge of Baltistan.. If in geographical portraiture predominance he 
given to hydrographical basins and their watersheds, the range or axis 
would ho defined by the line of highest gaps instead of highest 
summits; and under this definition the principal Himalayan axis 
would be locally placed some 20 miles north of that just indicated, 
quite away from tho geological axis, on a secondary renge produced 
entirely by denudation from the variously yielding outcrops of tho 
sedimentary series on the flank of tlio gneissic or granitic axis. But 
some of tho principal rivers (as tho Sutlej) pass through this range 
also and drain large areas to the north of it, so it. is plain that any 
regular correspondence between mountain chains and watersheds is 
out ot tho question. \Yc have however in tho groat snowy range, 
to which the namo Himalaya particularly belongs, an excellent 
example of a mouutain chain coinciding with a geological axis. 
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Although wo have discarded watersheds as forming any criterion Himalayan' 
in the delineation of mountain ranges and axes, most interesting District Tho 
questions are suggested and sometimes solved by tho study of Regions n 
drainage lines. The apparent anomalies presented are often very The int.-rpr.-Uiion 
striking. It is quite common to see a river pass from low ground o£ watersheds, 
through a precipitous gorge in a ridge or spur of hard rocks where¬ 
at a short distance on either side a channel might be formed over flat 
ground but little higher than its bed, as would iuevitably take place 
if the gorge were dammed ; or we may find a river rising in com¬ 
paratively low bills, and flowing right through a higher independent 
range. The easy assumption by which such features have been ex¬ 
plained is tiiat there was a natural fissuro in the ridge or range. In 
some instances this may hold good, but cortainly not in most cases; 
and the true explanation is really more simple. The second of tho 
instances abovo mentioned, though tho larger and apparently more 
anomalous, admits of tho more easily apprehended explanation ; 
it is, that the river was ou the grouud before tho elevation of the 
range, and that this process was so gradual that the river could 
erode its channel pari passu with the rise of the ground, as we 
have seen must have happened during the rise of tho outer ^iwalik 
ranges. In the first and more common case, where there is no 
evidence lor the interference of ground movements, the action has 
to be reversed; but tho reasoning is no less rigorous, for wo 
are working with the absolute fact that water cannot flow uphill. 

Wo must in such cases conclude that when the gorge was eroded the 
grouud ou tho upstream side of the prosent ridge must have 
continuously' been higher than the water level in the gorge; that 
in fact the ridge did not then exist, but lias been carved out pari 
passu with the erosion of the gorge, by the general disintegration 
and denudation of rocks more liable to decomposition than those 
forming the ridge. This relatively greater or smaller liability of 
ditferout rocks to denudation by attrition orsolutiou, and tho various 
ways in which such rocks are exposed by the disturbance they have 
undergone, are the principal inducing influences in the formation 
of all the varied features of mountain sculpturing. Before scruti¬ 
nizing the Himalayan features from this point of view, a few words 
are needed as to what would take place normally ( [i.e ., without the 
interference of disturbance) under such conditions. Supposo an 
elevation to take place, longer than broad, and with a more or Ic>s 
central axis or crest of maximum elevation (to both of which conditions 
t here would bo a natural tendency) : drainage would then take place 
from that crest by tho most direct fall. The original cast of the 
principal valleys would thus be almost wholly transverse to the 
axis, and would remain so for ever if Ibe elevated mass wore 
homogeneous. As this never occurs, a tendency sets in by which 
any river that has happened to erode more deeply than the others 
gradually draws otT the draiuage of its neighbours ; and so tho main 
drainage, from being originally all truusvorse, becomes to a great 
extent longitudinal, /<?., parallel to the axis. The process is very 
simple : the elevated mass is sure to be mostly made of stratified 
rocks of different composition and hardness; these become tilted 
up in linos more or less parallel to tho axis of elevation ; and as a 
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matter of course tho lateral drainage of the original transverse 
valloys begins to opera to along tho softer beds, leaving the harder 
ones sticking up as spurs; and thus at first any pair of lateral 
streams will start a watershed about half way between two main 
transverse valleys. If in cither of these latter the cutting down 
of the channel proceeds more rapidly than in the other, the same 
must take place in its lateral stream, the watershed of which will 
thus bo cut back until at last it will reach the adjoining transverse 
channel, and carry off its waters down the steeper course. In this 
way a whole chain of secondary streams may be connected into one 
principal longitudinal river, to which the head waters of tho 
original primary transverse streams become affluents; and with 
each such accession the eroding power is increased and the process 
thereby extended. That such a process has operated is a well 
established fact; tho lower gorges of the original transverse streams 
thus cut off remain as gaps in the ridge on the outside of the new 
longitudinal valley. There would of course bo a corresponding ten¬ 
dency on the side of the more rapid drainage to cut back. tlie 
primary watershed, but the chief factor in the process just described 
is tho immensely greater facility of erosion along the strike of softer 
rocks; upon any harder rock in tho original axis such erosion 
would be incredibly slow^ and henco the corollary we have been 
seeking for—tlwfc within certain simple assumptions tho initial axis 
of elevation would tend to be perpetuated as a main watershed. 

Although we can by no means apply the simple assumptions 
aforesaid to the immense area of elevation of which tho Himalayan 
chain forms a part, there may be some use in seeing what hints tho 
drainage test may give. The main watershed between north and 
south is in tho Mustag and Karakoram range, whence flow tho 
northern affluents of the Indus, far to tho north ot what we must 
for the present call the Himalayan axis. This is ot course a fact to 
bo explained ; but it is beyond our present scope, for it is certain 
that within this groat area there were several axes of relative 
elevation and depression, whether synchronous or successive, and wo 
are only concerned with the most southerly one. Of this we have 
already seen that the actual Himalayan chain coincides with a 
geological axis of maximum upheaval and of granitic intrusion, but 
it is quite possible that this may not be the axis we are in search 
of—the line of maximum effect duo to the disturbance by which 
the contortion and elevation of the tertiary rocks was accomplished, 
which is perhaps what would be generally implied by u tho Hima¬ 
layan axis ” from the geological point of view, for tho Himalayan 
elevation is accepted as of tertiary date. The draiuag? test directly 
suggests such an idea, viz., that tho spill of the waters originated in 
a crest of greater elevation to the north ol the actual mountain 
axis; and il is easy to indicate how such a crest may have been 
fumed (here, supposing tho gneissic axis to have been in its place 
from very ancient times. A broad area to the north of this axis is 
occupied by an immense series of stratified rocks, ranging from 
unfossiliferous slates through palaeozoic nnd secondary formations 
tip to the . orotHceou9 system, Not? We know that tho chi ol rosul's 
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of crust movements are proximately duo to tangential pressures, 
which naturally tako effect upon the most compressible materials, 
such as would bo a mass of comparatively unconsolidated strata of 
variable composition. Under such a process the yielding mass 
would be squeezed downwards as well as upwards, so that the same 
axis might bo stratigrapbically ouo of botli elevatiou and depression; 
and in fact we do commonly speak of this ground as a “basin,” the 
newer rocks lying in a trough between two great protrusions of 
gneiss. It is in no way extravagant to suppose that a crest of 
maximum elevatiou may have been thus formed iu tertiary times 
over this ground, from which originated the drainage crossing the 
older gueissic axis. Volcanic action may be largely called into play 
in support ot this view, for there is a prodigious display of basic 
eruptive rocks connected with the newer sedimentary formations in 
Ladak and Hundos, where there may once have been a line of 
volcanic cones like those of the Andes* The subsequent greater 
erosion of that area would be due to the.same cause as its elevation, 
the comparative Boftness of the rocks. If on the other band the 
gueissic axis should prove to be of tertiary date, it would imply that 
the sedimentary series then reached across it, and that tlio Hima¬ 
layan elevation was incomparably greatest on that line, where even 
now the oldest schists overlook the newer sedimentaries to the north. 
The watershed anomaly would then have to bo explained as the 
natural result of the much greater steepness of the fall to the south, 
and also of the immensely greater rainfall on this side. 

We may now see what the gueissic axis lias to say for itself. 
i( Granitic axis” might ho a more distinctive name for it, as there 
are in this region other gueissic axis that do not possess this 
character, the geological importance of which is immense although 
of uncertain interpretation. The rock was described as albito 
granite by Dr. Stoliczka (Memoirs, G. S., I., Vol. V), who was 
tho first professional geologist to publish his observations on this 
ground ; but Mr. Mallet baa since shown that the felspar is oligo- 
clnse, not albite, by tho analysis of specimens from the same locality, 
A\ angtu bridge on the Sutlej. In the middle Himalaya, north of 
Kumaun, this rock takes a prominent part iu the formation of the 
highest peaks; on the Sutlej it is also iu great force, and it is 
still represented in the divided prolongations of the range by the 
gneiss ot Zanskar and of the Dliaola Db&r. This granite is undoubt¬ 
edly the youngest rock in tin’s axial range, and tho function it 
performed (it any) in <f the Himalayan elevation ” is a very crucial 
question ; Onptaiu 11. Strachey gave expression to a still prevailing 
opinion bearing on this point when he wrote (Quar. Jour., Geol. 
Soc., Loudon, Vol. VII, 1851)— r< The fact of the granite of tho 
great snowy peaks being seen in veins, penetrating tho schists 
up to 20,000 feet [on a previous page ho mentions it ns forming 
peaks 25,500 feet high], makes it highly probable that the granite 
must have beou injected long before the mountains received any 
considerable development ” Still this would uot preclude its 
immediate connection with “the Himalayan deration ” ; to ascertain 
lids we have to determine tho age of tho granitic intrusion. The 
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only positive information wc possess would place this event in a 
very remote ngc. Dr. JStoliczka quotes (l,c. p. 12) verbal informa¬ 
tion from General Strachoy that the granite penetrates nilurism and 
even secondary strata ; but there may be some mistake here, for 
in the paper already quoted it is only described as penetrating 
the schists, and the opinion is clearly recorded—“ That this 
granite is older than the silurian period is rendered probable by 
the comparatively unaltered stato of the lower beds of tlto azoic 
slates at the foot of the palajozoic series, where almost in contact 
■with it ; 3 ’ and General Stracbey bad not again visited the ground. 
He moreover gives it as liis opinion that the gneissic range formed 
a barrier, though of course not with its present elevation, in paleozoic 
times. A confirmatory observation is recorded by Col. McMahon 
in the Spiti valley near Chango, where granite veins pervade the 
mica schists, but stop short at the contact of the overlying palaeozoic 
slates and limestones. Still, these facts are not finaP; we have 
already seen how very rarely the eruptive traps of the lower 
Himalaya penetrate the tertiary rocks, although certainly of later 
date. 

The crystalline stratified rocks forming the chief mass of tlio 
axial range aro often spoken of as the gneissic series from their 
most conspicuous member, but on the whole there is perhaps a 
preponderance of nou-felspathic quartz and mica-schists with some 
few borhbleudic beds. Tlioao alternate with thinly bedded gneiss; 
but amongst them, and apparently iuterstratifiod, there ia^i very 
massive porphyriUo granitoid gneiss to which special interest 
attaches. Dr. Stoliczka described this wliolo crystalline series under 
the title of Central gneiss,” considering it to be the principal 
geological axis of the Himalaya, and from an assumed homology 
with “ the central gneiss of the Alps ;, -~a comparison that is hardly 
borne out by structural evidence—but the name has more especially 
clung to tho massive gneiss. It is from the stratified rocks that 
structural features can bo made out, and from this point of view the 

guoixric nxis dues not pre-ei,t (ho symmetry that would be naturally 

associated with the word “ central, " and such as is often presented 
bv axes of crystalline rocks, to or from which the rocks on either 

side have ft prevailing dip, The strain of tho gneissic nxis offer 
no exception to the rule that prevails throughout the lower Himalaya 
as well as in tlio tertiary zone, that of a greatly pruvuilimr northerly 
ov inward dip. On its northern flanks these rocks are overlaid with 
rough conformity by the lowest slates at tho southern outcrop of 
the sedimentary basin, while on the outer flunks wo have aeon fhn 
lower Himalayan rocks abutting against it in a very confused 
manner. Dips of course involve flex tiring of the strain; and that 
any one dip should prevail over a large area requires that tho 
flexures should be much steeper on one side than on the other, 
whereby the strata on that side would occupy less area, or even ho 
broken and faulted out of sight. This abseuce of symmetry would 
imply a one-aidednuas of conditions, contrary to wlmt might bo 
'•xpecicd in ft‘‘central nxis. w It is ot course possible (lint there 
imght lie uo such centra! feature in a mountain system ; but if one 
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(should occur it would seem to claim 'attention as probably of 
dominant significance in the v> development of tlio mountains. 
Now such a lino is found in the “ imaginary axis'* mentioned in a 

former paragraph. The ^rica of palccozoic and secondary strata 
to the north of tips gneissic axis form a broad synclinal trough, 
on the north side of which in ltupsliu crystalline schists and 
gneiss appear again in g, eat .force but with a steady southerly dip. 
Along this “inner gneissic axis of Ladak we find moreover the 
Significant fact that the paltcozoic rocks have themselves undergone 
Considerable metamorphism. These comparative considerations tend 
again to suggest that the Himalayan gueissic axis is of pre- 
Jlimalayan origin» 

Very lately (1883J anew and most important interest hns boon 
conferred upon the massive granitoid gneiss that is so conspicuous 
amongst the rocks forming or adjoining the Himalayan axis. It 
appears that wo must henceforth speak of it ns “gneissose granite. 0 
No doubt the fact indicated by the change would be equally expressed 
by the term eruptive gneiss ,* and if the classification and nomencla¬ 
ture of rocks were to bo altogether artificial and based upon researches 
in the cabinet, whereby foliation would be the one distinguishing 
character between gneiss and granite, the former name would 
have to be retained for this rock. If lithology had any raison d'etre 
as an independent science such a method might be justified : but in 
reality lithology is quite a barren study unless as ancillary to 
geology, just as zoology is to biology. The natural classification 
ol rocks can ns little afford to ignore their functional characters as 
the natural classification of living things could dispense with 
physiological considerations and depend solely upon morphological 
characters. Now in geology the paramount signification of granite 
in that of eruption in a more or less plastic fused condition ; and no 
less does the word gneiss imply that the form and association of the 
rocks are due to original deposition, whatever change of texture it 
may lmvo undergone by molecular action, the foliation being duo 
to original lamination or to cleavage. As an exceedingly general 
» r 1 ^ n foliation is known to be a character of metamorphosed 
sedimentary rocks, and as a no less general rule the texture of granite 
ia amorphous. It has however been observed that, n viscous igneous 
1,1 . under eruption may acquire by traction a streaked texture 
which would on crystallisation result in foliation, and it wan long 
r ago pointed out by *3erope that tho gneissose texture might bo 
h simulated in this way ; on the other hand it is conceivable that by 
extreme metamorphism a wholly amorphous crystallino texture 
might bo locally produced in a bedded rook, without auy disturbance 
<>( its normal structural relations. In these very exceptional cases, 
tlm true nature of the rock and the uame it should receive can only 
ho determined by close study on t he ground, the terms '‘gneissose 
granite, and “granitoid gneiss ” being for each case the natural 
expression of the result. Independent scientific observers have become 
1 scuice of hi to in India Mint it is especially gratifying to be able 
5 lo qiioiu one <d brotherhood ns tho author of an important 

discovery, ioi » 0 it i|# )0lVM i u bo diilluii. Uulouol C. A. Mo Million, 
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formerly Deputy Commissioner of Simla and now Commissioner of 
Amritsar (which gives him the run of the Dhdobi Dhar), has been tlio 
first to bring the microscope to the study of Indian rocks ; and it has 
led him to what is very nearly a demonstration that the granitoid 
<?neiss of the Himalayan axis is truly an eruptive rock.. Perhaps 
the best evidence in favour of this judgment is that it gave immediate 
relief to almost insurmountable stratigraphical difficulties. Where 
this rock appears amidst the gneissic schists of the great range there 
is little to suggest its being other than what it seems to be j 
continuous observation being very difficult in that region, only 
passing uotes have been made along widely-separated sections. Jt 
is when this identical rock appears in more accessible grouud, and 
in juxtaposition with little altered rocks, that as gueiss it has 
presented such difficulties of interpretation. The Clior mountain 
which 1ms been mentioned as forming the most conspicuous feature 
in the Simla area is a typical case. The whole summit tor several 
liuudix d f$et is of this massive porphyritic granitoid rock, of exactly 
the samfc typo as that in the main range ; it is not ouly that it u 
characterised by the more or less distinct foliation and massive 
bedding,* but its behaviour ( allure) is very much that of a normally 
intercalated mass: it presents the usual steep southerly outcrop, 
while to the north it is overlaid at a moderate dip by schistose slates. 
It has however no continuity in strike, the area it occupies is as broad 
as it is long, with a diameter of about seven miles, and members 
of the lower Himalayan series appear close by on either side of it 
without extensive metamorphism. Still, in the absence of the usual 
positive signs of igneous intrusion, it was thought safest to accept it as 
belonging to the old gueiss, although very forced suppositions had 
to belnade to account for its position, whether altogether by faulting, 
or partly as a mass already isolated when the Krol rocks were laid 
down.* A similar stratigraphical puzzle presented itself in the 
D haul a Dhar, where that range ends abruptly at the gorge of the Ravi, 
the gueissic mass, where it is still six miles wide, being, truncated at 
right angles to its strike. Colonel McMahon has since observed 
fhTtt the granitic rock bero is continuous, but reduced to a width of 
250 feet along the northern edge of the outcrop, coinciding with an 
axis of flexure and of eruption, as is now maintained. When first 
describing the massive gueiss in the Simla region (Records, G. S. 
I Vol. X, p. 222, 1877) Colonel McMahon remarked that 11 the 
internai structure of the rock is that which has usually been 
described as characteristic of an igneous rock/’ Subsequent and 
more leisurely study of the same rock nud of its contact action on the 
schists iu the Dhdota Dhar at Dalhousie has led him to the conclusion 
that this pseudo-gneiss is truly an eruptivo (intrusive) rock, mul 
therefore to bo called “gneissoso granite ” (Records, G. 8. I., Vol. 
XVI, p. 148, 1883). 

A conjecture i3 further hazarded that c< instead of being an 
avclia’ \n. Cambrian, or < converted * silurian roc k, it is in real ity of 


* Mwnoirt, O. S. I.. Vol. Ub Pt. % !>• 0* | : ! liould not.hu h.njufcton Unit 
l,,, olMt rvaiioUi 1 rot n*«d to, from which our •loflcriptjon is taken, wove only cursory, 
luriui; two truvonce to north and south of thu mountain, 









tertiary age and was brought into its present position iu the conrso 
of the throes that gave birth to the Himalayas.” It has been 
said before that nowhere is the relation of cause and effect between 
the Himalayan upheaval and the contortion of the lower tertiary 
strata so vividly suggested as along the Dhaola Dhar, where very 
marked occurrences of both conditions are found close together; 
but this same juxtaposition renders it very difficult to accept this 
supposition in view of the eruptive character of tire great mass of 
crystalline rock forming the ridge. It may bo taken as certain 
that nothing like eruptive action in the full seuse of the word 
took place here dUirinw tertiary times* for the full sedimeutary 
series of that era in the immediate neighbourhood is entirely wanting 
iu volcanic material. The character of this intrusion, so free from 
disrupting effects, would independently show that it must have 
been a deep-seated operation. Wo can then at least affirm that, 
it the eruption of this gneissose granite be of tertiary age, the 
entire mass now forming the Dhaola Dhar, ranging above 16,000 feet 
in elevation, must then have been deep under ground. It is presum¬ 
able that the same inference would have in somo measure to bo 
applied to the whole Himalayan axis: and the determination of 
age would apply a fortiori to the disruptive oligoclase granite, 
which must bo newer than the gneissoid granite. Still neither 
this consideration nor those previously mentioned as bearing on 
this question would absolutely prohibit the suggestion of a tertiary 
age for this plutonic rocks, or of the existence of a very ancieut 
ridge of archgean rocks in the position of the Himalayan axis. When 
this axis was spoken of as one of maximum upheaval, on the obvious 
ground that the oldest rocks are there found higher thau the newest, 
aggregate upheaval was understood, which would not at all 
necessarily imply that the greatest elevation attained within this 
region had been on this axis. A gradual uprising along this lino, 
including the whole lower Himalayan region, limy have coincided 
with the slow depression of the sedimentary basin to the north; 
atnl the injection of the two granites may well have been delayed 
until the period of the greater movements which attended the Hima¬ 
layan elevation proper. The extrusion of highly silicated plutonic 
rucks would naturally occur amongst the older rocks adjoining tko 
principal focus of disturbance. 

Certain abnormal circumstances of metamorphism, for which 
no satisfactory explanation is known, have frequently attracted 
notice at Simla. All the upper beds forming the summit and southern 
late ol Jako, round which mountain a great part ol the station 
is built, consist of thorough mica-schists with abuudaut quartz 
wining, while the baso of the mountain is formed of slaty rocks 
exhibiting little or no crystalline metamorphism. Now there seems 
no question that all these rocks are iu normal sequence, the 
, ? ‘ 1 being of the iufra-Krol group, re th$ Blftiui 

j- hand and the Simla slates; so that the supposition ot inversion is 
inadmissible. Similar conditions are found on Mahasu, the next 
rnlgo to the east-by-north. The feature is noticed here, ns a Bovfc of 
L (ovloi’U hope, in couuexiou with the extensive Intend intrusion ol ilio 
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gneissoso granite. This rock forms a nearly horizontal capping 
to the Ratu mountain, with what are taken to be lower Himalayan 
rocks close upon its flanks but Hatu is 20 miles from Jako. The 
stratigraphical conditions required for the accomplishment of such a 
feat are too appalling to bo contemplated ; the suggestion is only 
made here to exhibit how much w T e have still to learn regarding the 
geology of the lower Himalayan region. 

In crossing the Himalayan range we pass geologically no less 
than geographically out of India, from an anomalous country in 
which tbo standard stratigraphical tokens aro almost wholly wanting, 
and where the geologist has to fall hack upon first principles, into a 
land where ho at once feels at home, the rocks being more or less 
amenable to an established code of evidence. Resting upon tho 
northern flanks of the gueissic range there is a great thickness ot 
elates in which Silurian fossils have been detected, and they are 
overlaid in more or less normal sequenco by upper palaeozoic and 
tnesezoh. formations ending with the cretaceous. The general dis¬ 
tribution of these sedimentary rocks presents a broad regularity that 
is most promising of results to future study. There is a principal 
division into two great longitudinal basins (in the stratigraphical 
sense), separated by the gneisBic axis of Lad&k ; the northern basin 
lies between this axis and the crystalline range of the Kuenlon ; the 
southern basin lies between the Ladak and the Himalayan gueissic 
axes. Regarding the former we have very little information. The 
best kuown Beciion is near the western end in the Karakoram ridge, 
which seems to bo a spur from the crystalline centre of the Mustag 
in northern Baltistan. The southern trough is partially known in 
what we may take as its western half, west of the middle Tibetan 
watershed near the Mnnasaraur lakes. At this point the sedimentary 
basin is partly i liter r up ted by tho crystalline mass of the Gurla 
mountain, which seems from General Strachey’s map to he connected 
with the central gueissic range rather than with the Himalayan axis. 
At about 200 miles to the north-west the trough is again almost 
intercepted by the granitic or gueissic mass of the Purguil mountain, 
the intermediate ground forming the p iteau of Hundes, and the 
upper basin of the Sutlej. Here too the palaeozoic rocks are 
continuous along the Himalayan side, south of Purguil, passing oil 
into Spiti, where the whole sedimentary series again expands to 
form another elipsoidal basin about 200 miles long reaching nearly 
to Dias. This geological sub-region is best known as the Zanskar 
basin, as a very large proportion of the area is drained by tho river 
of that name, a southern affluent of tho ludus. The hist known 
sections are in the basin of the Spiti river, an allluent of the Sutlej, 
but it only drains the south-east corner of the region. In the far 
north-west w© find the palaeozoic strata continuous across tho termi¬ 
nation of the attenuated representatives of the Himalayan gueissic 
axi '; flr^t hy tho Zoji pass into Kashmir, and thonce along tho 
Kihlmgnnga valley to the south flanks of tho Pfr Psuijal axis, whence 
Micro is a continuous outcrop into the lower Himalayan area. Willi 
patience and perseverance we may thus expect to establish u 
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circuitous but connected identification of geological horizons between 
the rock series on opposite sides of the Himalayan axis. 

The most complete known section of the trans-Himftlayan rocks 
is. that worked out by Dr. Stoliczka in tlie Zanskar basin, and 
principally in Spiti, through the abundant evidence of fossils 
(Memoirs, G. S. I., Vol. V, 1865). The following scale of formations 
has been there established :— 

MJB30ZOIO. 

( 74 ) Chikkim Shales (cretaceous ).*—Dark grey marly earthy 
shales ; 200 feet. 

(m) Ciiikkim Limestone (cretaceous) —White or groy : when 
earthy gives a bituminous odour when struck; 600 
feet. 

(/) Gieuwal Sandstone ( upper jurassic). —Yellowish, silici- 
ous ; darker and calcareous ; sometimes a loose grit and 
even coarsely conglomeratic; GOO feet; conformable <0 
and interstratified with (&). 

(4-) Spiti Shales ( upper jurassic). —Black crumbling shale, 
full of calcareous concretions, each generally containing 
a fossil; 300 to500 feet. 

(0 Shaly Slates {jurassic). —Brown or black, full of broken 
shells ; 50 feet; very local, probably belong to (k). 

(k) Upper Tag ling (lias). —Dark, earthy, bituminous ; about 
^ 1,000 teet; difficult to distinguish from (g). 

(g) Tagling Limestone (lower lias or vhoetic ).— Dark grey 
brown or black, sandy or earthy, often oolitic ^and 
bituminous, sometimes a shell limestone; more than 
1,000 feet; locally unconformable on (e). 

(t) Para Limestone (rlioetic or upper trias ).— Black, dolin 
midc, strongly bitumiuous, often earthy; 700 feet ; 
only found on the north side of the basin. 

(e) Lilang Series (upper or middle trias). —Dark limestone, 
calcareous slates and shales; limestone compact or 
fairly oolitic ; 1,000 to 2,000 feet; locally uuconform- 
able on (d). 

Paleozoic. 

(</) Ruling Seiues (carboniferous). —Palo quartzites at baso 
alternating with brown shales; the latter are often 
carbonaceous and calcareous, passing into dark lime¬ 
stone ; 100 to 400 feet; junction with (c) conformable, 
obscure. 

(c) Mutfi Series (upper Silurian ).— 

•k White quartzite, often speckled ; 200 to 300 feet. 

2. Pale sandy silieious limestone ; 300 to 400 feet. 

L Purple sandstone, slaty partings; conglomeratic, 
500 to 600 feet; conformable to (6), slightly 
alternating. 

W Bhabeii Series (lower Silurian ).— 

3. Greenish and bluish sandstones, sometimes mica¬ 
ceous, often laminated; also thick slaty and 
calcareous beds ; thickness not given, but figured 

equal to No. 1, 
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Grey white and pinkish speckled sandstone or 
quartzite, with occasional calcareous beds dolomitic 
and cavernous; thickness not given, but figured 
as equal to No. 1. 

Bluish and greenish grey slates (some micaceous) 
and sandstones ; 3,000 feet, 
a a l Gneiss. 

members of this great series arc thicker or thinner, 
or evou absent, in different parts of the basin; but no 

decided discordance has been observed, so that it would appear that 
no considerable disturbance can liavo occurred hero during the 
immense lapse of time represented by these deposits. There is only 
a remnant left of tho cretaceous rocks capping a ridge in the middle 
of tho basin. The most obscure point of the section is perhaps the 
basal junction with the gneissic rocks : it is figured as in a manner 
discordant, but scarcely such as what might be expected it this 
gneiss had formed a bounding ridge in the silurian sea. 

The tertiary roclcs Although tertiary rocks do not appear within the trans- 
° f lh °viTtw IndU3 Himalayan "districts of tho Punjab, it is necessary to mention them, 
as their position and their relations to tho older locks of the legion 
form the most striking stratigraphical feature bearing upon the 
history of the mountains. Throughout the region east ot India, 
in Burma, and extending even to eastern Bengal (the Assam range), 
tho conformable and even transitional relations between the 
cretaceous and the tertiary deposits are constant. Similar relations 
obtain in the region west of India, in Biluchistun, on tho Afghan 
frontier, and even locally in the Salt Range. In the sub-Himalayan 
•uid lower Himalayan regions wo Lave seen, on the contrary, that the 
lowest tertiary beds rest directly, although with general parallelism, 
upon very old rocks, either lower secondary, or palaeozoic. In the 
central Himalayan region this isolation of the tertiary deposits is oven 
more marked, because there tho whole secondary series is very fully 
represented, yet the distribution of tbo two series is as distinct as it could 
b<‘; they do not eveu touch at any point. The tertiary deposits occupy 
a long narrow trough, very closely corresponding, except at its western 
extremity, with tho valley of tho Inti us, which lies obliquely along 

U,o giiclssio axis of LaJuk. The character of the rocks correspond 

with such a location as ono of original deposition, having on tho 
whole a remarkable resemblance to the Sirmur series of the sub- 
Jlimalayan region; thick sandstones and clays of tho sub- 
Ilimala van type, with some conglomerates. Mr. Drew touuct 
marine * or estuarine shells at the western end of the basin near 
Kargil, and Hr. Btoliczka got uummulites further to the cast, near 
heh. From sumo seetious it has been shown that tho contact " ll1 
tho guoiss is original, not duo to faulting. These deposits have 
undergone great disturbance, the extent of which increases to the 
oust; and on the south aido of tho Indus they form mountains o 
considerable elevation, aa in tho Mini peak. (19,577 loot), the h»vu 
t,f tho l iver here being about 10,000 feet. The trough is seldom 
more than 25 miles wide, extending for 200 miles from Kargil to the 
(jhiucso frontier, and beyond it mto central Tibet, NY boro Di. 
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Sfoliczka first observed these rocks in northern R’upshu, they aro The Afghan 
so indurated and altered that he took them to be a palaeozoic for- Region, 
uiation. It is in and principally along* the southern side of the The tertiary rocks 
tertiary series that the basic eruptive rocks are so largely exposed. 0 t G Ya\iey t U 13 
They are already in force close to Kargil, but their greatest develop¬ 
ment is to the east, where they aro im doubt continuous with the 
similar rocks described by Geuoral Strachey about the Manasaraur 
lakes. 

It is easy to see tho leading inference regarding Himalayan ic^ar^n^the 
history to bo drawn from ail these facts. It remains true that tho history of the 
rocks now forming tho summit of Mini and other higher ground Himalayas, 
must have been at the sea level at the commencement of the tertiary 
era ; but it is scarcely less clear that a great deal of tho work 
directly connected with the formation of tho Himalayas had been 
accomplished in immediately antecedent time. If wo could suppose 
that the secondary basins of Zanskar and tho Karakoram bad been 
continuous, the change between cretaceous and tertiary time would 
involve the upheaval of the gneissic axis of Ladak as a 
true centre of elevation, and its conversion by a prodigious 
denudation into a potential marine basin, through depression. But 
eveu supposing that crystalline range to have formed a barrier in 
the cretaceous seas, a change involving a more or less complete 
reversal of the distribution of land and water must have occurred 
before the tertiary deposits could take the place in which we find 
them. It seems not unlikely that the tertiaries of the upper Indus 
were once continuous with those of the eub-Himalayan zoue; for 
some remnants of these beds have been observed about Dras, on the 
watershed lying directly between the present terminations of those 
regions. 




SECTION a—THE AFGHAN REGION. 

The mountains of the North-west Frontier, although confluent Tlie Bc gl° n » 
with the Himalayan ranges, aro distinctly scparablo from them, on 
many grounds. The prevailing directions of tho two in adjoining 
areas are more or less at right angles. This feature is most strongly 
marked in the tertiary rocks along the Jhcluni, where throughout 
a direct distance of more than 100 miles the strike of the beds 
may bo seen to bend even at an acute angle, from north-north-west 
on the Jamu side to south-south-west in liazara. Tbo constancy 
ol direction is by no means so marked in the western mountains 
as in the eastern. This is most plainly seen along the border of tho 
plains,' which in each case corresponds with the strike of the ridges 
and ot the strata; the steady ruu of the sub-IIimalnyan border 
contrasts most markedly with the zigzag edge of tlie hills boyond 
the Jluduni. And this irregularity is not confined to the border 
zoTio of tho western area : tho principal range is the Hindu Kush, 
with a south-wester]y trend, which seems to bo continued to tho 
pouili-wcHfc of Kabul iu tiie range between tho valleys of tho 
llclmund and the Argnndub; but on both sides wo find considerable 
ranges with au cast-west direction, us in the ftufed Koh running 
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westwards from Peshawar, mid the Koh-i-baba west of Kabul. 
Again, the S idem tin range runs north and south, but between it 
and the similarly placed ranges in Sind there are the Marri and 
Bhugti hills having au east to west trend. Any attempt at natural 
sub-divisions of this ground would be premature from existing 
knowledge, wheu on the best maps the features of even the principal 
ranges are to a considerable extent conjectural. Indeed the best 
maps of our own completely surveyed districts do not adequately 
exhibit the characters of the hills ; but this is a complaint we shall 
not get rid of until those who undertake the portraiture of such 
features understand something of the anatomy of the objects they 
would represent. It will be convenient to speak of all the trans- 
Jlielum mountains as the Afghan region. The Salt Range, cis and 
trans-Indus, would in a manner belong to it, but we have seen that 
iu structure and composition this range is unique, a remnant of an 
ancient fringe of the peninsular region wholly cut off from the 
extra,peninsular mountains by a broad area of tertiary deposits. 

Tlu* British districts occupy only the outskirts of this great 
mountain region, principally in Hazara, between the Jhelum and 
the Indus ; but this is geologically the most interesting portion, as 
including the unaltered rocks outside the gneissic mass that forms 
almost exclusively the whole rogion to the north. The deep re¬ 
entering bay of tertiary rocks up the valley of the Jhelum stretches 
far beyond the bend of this river at Muzaflarabad to near Kagh&u 
on the Kunliar river iu upper Haz&ra, and here the lower tertiary 
de])osit 9 are in coutact with gneissose schists on the flanks of the 
gneiss itself. The older fossiliferous rocks of Hazara are thus 
completely cut off from the corresponding rocks of the Himalayan 
region, and the structural distinction of the two regions is further 
niavked by the fact that this gneiss of Kaglulu is not connected 
with that of the Himalayan range proper, but with that of Baltistnu 
and Ladak. From Stoliczka's observations it would seem that the 
gneiss of the Kuenlon and of the P&mfr belong to the same mass, 
and it is presumable that the gneiss of the Hindu Kiish is its 
western extension. Within this immense area there no doubt occur 
numerous outliers of less altered rocks, possibly fossiliferous, 
preserved iu synclinal folds of the gneiss, 6ucli as have been mapped 
by Mr. Lydokker in Baltistnu t Memoirs, G. S. I., Vol. XXII). or 
such as Mr. Wynne has indicated in the Agror district of northern 
Hazara (Records, G. S. I., XII, p. 123), but the gneiss seems to 
be continuous throughout. Its southern limits stretch across Hazara 
through M ansa lira to above Amb on the Indus. There is constantly 
a broad fringe of gneissose schists, and here, as iu the outer 
Himalaya, these dip uniformly towards the gueiss as if passing 
under it, and in the deep river gorges the outcrop runs far up¬ 
stream. further suggesting the actual super-position of the gneiss. 
The Mahabau mountain trans-Indus is formed of the gneiss, which 
probably continues thence throughout the range north of the 
Peshawar valley, nud westwards into connexion with the nietamor- 
pliic rocks of the country ubout Kabul, and forming the crest of 
the Safcd Koh. 
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The unaltered rocks forming the hills of southern Haz&ra The Afghan 
(some of which are over 9,000 feet high) present most intricate Region, 
sections, being much more contorted than is usual in the Himalayan The Sirban section, 
region. Fortunately one of the least disturbed sections, that of the 
Sirban mountain south of Abbottabad, has been carefull}' described 
(Memoirs, G. S. I., Yol. IX), giving a clue to the normal relations 
of the rocks. The following formations occur there 

b. Nummulitic : Thick limestones with some shales and fossils 
in places. 

5. Cretaceous: Thin bedded limestones, no fossils found. 

Earthy ferrugiuous sandy limestouc, with 

fossils. 

4. Jurassic: Black Spili shales, with fossils. 

An erosion unconformity occurs here. 

3. Triassic : Thin bedded limestone and slaty shales. 

Dolomite limestone, with fossils. 

2. Below the trias: Oherty dolomite, quartzite, breccia and 
haematite. 

Unconformity. 

1. Attock slates : Subschistose slates with limestone. 

The thicknesses are not given, because they vary much in 
different sections, but the aggregate of the mesozoic groups (2 to 5) 
hero must be within 2,000', for the height of Sirbnn is only 6,243', 
and the Abbottabad plain has an elevation of 4,000' ; in neighbour¬ 
ing sections the nummulitic beds by themselves (chiefly limestone) 
attain many hundred feet (perhaps thousands) in thickness. All 

^ rou l )S 2 to 6 are in parallel super-position, but the group 

(No. 2) below the trias rests transversely on the edges of the Attock 
slates, a more total unconformity than has anywhere been observed 
in the Himalayan region, except that of the Indus tertiaries on the 
Ladak gneiss. Another point of contrast with the Himalayan area 
is the development of tho nummulitic as a great marine formation 
m continuous sequence with cretaceous beds, instead of as isolated 
estuarine deposits. In other respects there is some correspondence 
with the central Himalayan rocks, as iu the identity of the jurassic 
group with that in Zanskar and Spiti. 

As usual, it is with the uiifossiliferous deposits that the difficulties Tho older 
ot classification arise, and in that category we must still count sedimentary rocks, 
group 2 ot the list. The Attock slates, so called from tho hills 
south of Attock, where they are well exposed, have beeu generally 
quoted as Silurian, on the strength of some fossils of doubtful 
identity found loug ago in blocks of similar stone from the Khyber 
hills. If this were confirmed group 2 of the list might possibly 
represent the carboniferous period. But it has been suggested by 
Dr. Waagau (Records, G. S. I., XV, p, 183) that the Attock slates 
may be carboniferous, on the evidence of some undoubtedly carboni¬ 
ferous fossils found by him in the collections of the Geological 
Society of London, labelled M Punjab,” and occurring in a black 
slate for which ho could find no representative unless in tin’s forma¬ 
tion. Upon this suggestion he points out that gvonp 2 of the list 
Would normally represent tho Muscheikalk and Bunter groups of 
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the fcriassic system, No. 3 being the Keuper, or upper trias. Out 
a leading feature in the puzzle has reference to some rocks not yet 
mentioned, and described by Mr. Wynne (l. c. p. 122) as the Tanawal 
( “ Tanol ” ) group from the name of the district in which they occur 
between Abbottabad and the Indus. They are separated from the 
Sirban mountain by a baud of Attock slates four miles wide, and 
divide these on the other side from the schistose and gnpissic rocks 
of the higher mountains, with which rocks they are described as 
being associated, and as appearing to pass both into and underneath 
them. The figured section (1. c. p. 117) would imply either that tho 
gneiss of Bahingra is the newest rock of the sequence, or that there 
is a prodigious inversion of the whole series. Both suppositions 
would ho so extreme that we may assume the oversight of some 
fault or flexure which will admit of a more reasonable interpretation. 

The contact of the Tanawal rocks with tho Attock slates on the 
south-east is described as either a fault or a complete un conformity, 
the slates being presumably the older of the two. The Tanawal 
group is made up of quartzites, dark sbaly slates* and cherty dolo- - 
mites, i>aving some resemblance to group 2 of the {Sirban section, 
although here tho dolomitie limestone is tho predominant rock, 

Mr. Wynne however considers tho groups to be one and tho same, 
having traced the Tanawal beds to the north-east into the Tandiani 
mountains, on the strike of the Sirban section. Along the eastern 
flank of the Taodi&ni mountains Mr. Wynne traced tho Attock slates 
into contact with the schists bordering tho gneiss in the Kutihar 
valley east of Muzaflarabad where tho two are transitionally 
associated. This observation goes far to settle the later age of (lie 
Tanawal rocks, and so far to confirm their identity with the infra- 
trias group of Sirban. Hero too the Attock slates are within a 
short distance of tho silurian slates, across the narrow hay of 
tertiary rocks, as mapped by Mr. Lydekker in tho Kashmir terri¬ 
tory. There seema very little doubt that the two series are tho 
same. 

The section described in Hazara is tho fullest known in this 
region, and no other formations have to ho introduced. Thu general 
distribution is about parallel to that already indicated as the south 
limit of <he gnoie 3 ic mass. From an almost southerly direction in 
the north-east, in the Tandi&ni hills (8,845 fuel), the strike gradually 
bends westwards, and before reaching the Indus the east-west range 
of the Safed Koh is fully established. There is however au almost 
complete break of continuity in tho bills, through a great intervening 
alluvial basin. The mesozoic rocks of Sirban do not extend beyond 
that mountain to tho south-west, in which direction within u low 
miles the Attock slates gradually disappear under the gravels ot 
the f lari pur plain. The Tauawal rocks extend for some miles along 
the left bank of the Indus to the south-west from Torbels, and 
are connected on the south-east with tho schists and Attock 
slates of the Gaudgarh range, round the point of which the Haripur 
plain is coufiuent with that of Ohach facing the plain of the Kabul 
river on tho opposite side of the Indus. The Attock hills are a 

* Those wall lmvo bvou the uoarco of Dr. YVaugau’i carboniferous fussilo. 
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revival on the strike of the Gandgarh range; but they stop out The Afghan 
below Cherat, at Julozai, where the slates are again covered by the Region, 
gravel slopes sontli oi Peshawar. There can bo little doubt that tli^ Gteneraldifitribution. 
Attock slates and probably the Tan awn l beds re-appear to the west 
in the Afridi mountains, and they most likely occur also along the 
flanks of the mountains in Yusufzai north of the Peshawar valley. 

Tho newer rocks undergo similar interruptions. The Mianjani peak 
(£,793 feet), S.S.E. from Tandiaui, is of Attock slate, but south of 
it again tho Mochpura mountain (9,232 feet), north of Murree, is of 
nummulitic limestone with occasional outcrops of the Jurassic and 
triassic strata ; and these three formations, the nummulitic limestone 
still predominating, form the broad band of hills to the south-west, 
terminating in the Margala rauge. Through the Margala pass tliero 
is a narrow continuous outcrop connecting this range with tho 
Chi tap ah dr range, sontli of the Attock hills, and passing westwards 
into the range of the Ivotal pass, north of Kohat. They probably 
extend far into the Afridi country. Some considerable hills of tho 
nummulitic and mesozoic rocks occur, isolated in the plain south 
and west of Ilnssan Abdal. 

Tho largo basin of depression, tho greater part of which is The Peshawar 

known as tho Peshawar valley, is a remarkable feature tho origin of depression.) 
which is not very clear. Its outline, as already indicated, is very 
irregular, long spurs or ranges stretching into it from the surrounding’ 
inountains as if it had formerly been produced by the erosion of the 
rivers that have subsequently filled it up again, Considering its 
position, and the extent of hilly ground, sixty miles in a direct lino 
along the gorge of the Indus, by which it is separated from the 
groat plains of the Punjab, its low elevation is remarkable, only 
1,100 feet at the trigonometrical base-line on the Chach plain close 
to the Indus, and 1,250 feet at Peshawar. The present surface is 
largely made up of diluvial gravels from the hills around, so there 
is a considerable rise to the margin of the area ; at Hassan Abdul 
tho level is 1,400 feet, and at tho Margala pass 1,700, which is the 
level °f the Potwat plateau at Rawalpindi. Mr. Theobald (Records, 

tv. fc. 1 ., XIII, p. 230) 1ms given fair evidence to show that tho 
Indus was formerly confluent with the Haro river near tho point of 
the Gaudgarh range, and that its present junction with tho Kabul 
nyer where it enters tho gorge at Attock is of recent date. Some 
interesting information regarding tho depth and composition of Iheso 
^ eposits lms recently (1883) been furnished from a boring that was 
made in (ho futile expectation to Hud the nummulitic coal in a more 

javourablo condition beneath the alluvium than in tho ChitapahAr 

hills close by. A bole was put down in the bank of the Haro, 
i 0 feet below tho level of Ibo plain, at two miles from tho Indus 
and about one mile from the nearest point of the lulls. It was 
stopped at a depth of 25.2' 6 V in consolidated sand, but from 121 to 
233' tlie section was all in yellow and blue clay. The position, being 
close to the outlet of the basin, shows how stoep its lower rock 
margin mu«t bo. Tho excavation of this basin may well Imre been 
effected in tertiary times but it is probable that considerable depres¬ 
sion has occurred consequent on the accumulation of deposits. 
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"Wb . have already seen tho lower tertiary rocks ns massive 

nummulitic limestone taking a conspicuous place in the higher hills 
of Hazara between Murree and Abbottabad in parallel sequence with 
upper mesozoic strata. There is however a very marked feature, 
probably involving a considerable fault, separating that ground from 
the exclusively tertiary area to the south; and it is continuous wit t 
the main tertiary boundary of the sub-Himalayan region. It ia we 1 
marked west of Murreo and along the base of the Margala anl 
Chitapahar ranges, and Mr. Wynne has traced it even beyond tho 
Indus, north of Kolia K Tho tertiaries in the sub-Himalaya appear 
as a zone fringing the mountains and passing under the alluvium 
of tho plains, but from the Jlieluin to beyond the Indus at 
Sheikh Budin they lie in a basin, between the old rocks of the Balt 
Itange and tho Afghan mountain region. It cannot be asserted that 
tho Salt Range was an original limit of deposition for these doposits. 
There is indeed positive proof that it was not so absolutely, for m 
several places, as at tho Chambal ridge (east end of the range) and 
west of tho Indus near Kalabagh, upper tertiary strata occur on tho 
outer base of the range. But that it w*as so, at least partially, - ' 
especially for the lower tertiaries and for the east end of the range, 
is demonstrable. The nummulitic series here is scarcely a twentieth 
of its thickness in tho northern outcrops, and there is an abrupt 
passage, with something like an erosion unconformity, from the 
nummulitic limestone to mammaliferous Biwalik clays and sandstones, 
instead of the graduated transition that marks this horizon in tho 
mountain region. A question of some little interest has been raised 
as to tho correlation of the nummulitic beds of tho sub-Himalaya 
and of the traus-Jliclum sections. Tim massive sandstones and red 
clays forming the ridge on wdiicb Murreo is built aro underlaid on 
the west by finer variegated clays with earthy nummulitic limestone: 
the section is exactly like those in the Sirmur area south of Simla, - 
the upper beds corresponding with tho Dagsbai group and the lower 
ones with those of Subathu; and those particular beds close to 
Murree are undoubtedly at the top of the nummulitic series and 
probably higher than the massive limestone of the mountains to tho 
west. From this section Mr. Wynne in all his papers on these 
rocks has treated the Subathu group as a. distinct upper member of 
the nummulitic series. But this name had been already appropriated 
to the whole nummulitic series in the sub-Himalayan region, and 
it; is almost certain that the bottom beds of Subathu are on the very 
lowest nummulitic horizon. The presumption is that the strong 
limestones of the Hazara hills and of Kohat have taken the place of 
the brown estuarine clays that so prevail in the sub-Himatayau 
region. From Murree to the south-east there is an ascending 
section, though with faulted repetitions, through an enormous 
thickness of middle and upper tertiary deposits, precisely resembling 
and actually continuous with those of tho sub-Himalayan zone, but 
in the Jlielum and Rawalpindi districts they form a wide synclinal 
basin, with numerous secondary flexures. The whole is now plained 
down into a broad upland, known ns the Potwnr, much intersected in 
all directions by deep ravines eroded in the soft BiwAlik strata. In 
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Mr. Lvdekko’s Synopsis of tlie fossil vertebrates of India (Records, 
G. S. I., XVI, *2) ho indication “ Punjab ” refers mostly to this 
ground where some rich collections of bones have been made, chiefly 
in the south-east part of the district, as about Asnot, west of Mount 
Tilln. Numerous fossils of a lower horizon have been found south 
of Ktishalgarh, on the Indus. West of the Indus, in Kohdt, tho 
mminnilitic group is more broadly exposed, and is here . associated 
with, or at least immediately overlies, immense deposits of rock 
salt described in a previous section. The east-west strike is still 
steady here, but at the Kurram river it seems to change abruptly into 
the north-south strike of tho Suleman axis, and here, on the right 
bank of tho river opposite Thul, Mr. Wynne observed the lower 
tertiaries to bo extensively invaded by basic trnppean rocks, a 
condition almost unknown throughout the whole tertiary region to 
tho east. _ 

SECTION H.-THE SULEMAN RANGE. 

It is only as a background that the Sulemdn range can be 
introduced into a sketch of Punjab geology, for from Bnnnu south¬ 
wards the frontier lies at the base of tho hills, on the gravel slopes 
bordering the alluvial plains of the Indus, with the exception of a 
small slice of the Mari and Bugti hills west of Rajanpur in tho Dera 
Ghazi Khan district. The range is but the eastern edge of an 
immense tract of mountainous country stretching indefinitely west¬ 
wards, and the drainage for a considerable distance passes through 
the Suleman ridge iuto India. In the regions previously describod 
the older rocks are predominant, but the region of which the 
Sulemdn is only a fragment, including Southern Afghanistan, all 
Biluchistau and the greater part of Persia, is almost exclusively 
made up of tertiary and cretaceous deposits with eruptive rocks 
of the same ages. 

It is only of tho southern part of the Sulemdn that wo have any 
accurate geological knowledge, as recently described by Mr. W. T. 
Blnnford (Memoirs, G. S. I., Yoi. XX). Ho gives the following list 
of the rocks exposed 

4. Siwalik, or Manelihar (of Sind) : 

Upper ( pliocene) : conglomerates overlying sandstones 
and clays with conglomoratic bauds ; 2,51)0 feet. 

Lower (upper miocene) : sandstones, clays, marls, bone 
beds, &c. ; 5,000 feet. 

3. Nahi (miocene) : saudstones, clays, &c. *, 2,000 feet. 

2. Eocene: 

Upper : olive clays, shales, sandstones, &c., with a few- 
thin bands of nummulitic limestone aud occasional 
coaly beds ; 7,000 to 9,000 feet. 

Lower: coarse brown sandstone with a baud ot lime¬ 
stone breccia; 1,000 feet. 

1. Cretaceous: 

1. Hard whitish sandstone grit; 1,500 feet. 

2. Dark grey limestoue passing down into limestone 

shales j’ 1,000 feet seen. 
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Tliere >9 considerable difference between this section and that 
Tlle wll0,e Gaj group (a marine formation some 
1,500 feet thick) is wanting between the Nan and Siwalik liorizons, 
as is also the ohgocene marine limestone at the base of the Navi 
group, thus bringing the upper tertiary series here into closer 
correspondence with that found in the Potwar and the sub-Himalaya 
as exclusively of fresh water or subaerial formation. There is also 
a remarkable deficiency of limestone in the eocene series of the 
southern Suleman as compared with the sections both in Sind aucl 
m the Upper Punjab. No unconformity has been detected through¬ 
out tins enormous sequence of strata, notwithstanding the apparent 
gaps ; but it is clear that disturbance commenced lono- before tbe 
deposition of the newer beds which now fully partake in that 
distin banco, for the top conglomerates, which are now themselves 
often tilted up to the vertical, are formed of the debris of the rocks 
of the main ridge, which must therefore have been partly upraised 
and undergoing denudation in tbe Siwalik period. Similar evidence 
of the slow process of mountain formation lias previously been 
quak’d from the sub-Himalayan region. The Suleman ridge is an 
autich *il flexure, only greater than those on either side of it, 
whereby the older (cretaceous) rocks are brought up and exposed by 
denudation along tbe crest. From the evidence of stones in the 
stream beds it lias beeu asserted that older formations come to the 
surface at the north end of the range, as is not at all unlikely. The 
Siwalik rocks only are found along the outer margiu next the plains. 

Mr. Griesbacb, who accompanied the expedition to the Takht- 
l-Suleman in .December, 1S83, has given an outline ot the geology, 
in which there are some striking differences from the section described 
by Mr. Blauford 40 miles to the 6outh. The whole crest of the 
range at and about the Takbt is formed of pale marine coral lime', 
stone mauy hundred feet in thickness, resting on a sandstone 
which Mr, Griesbacb identifies with the cretaceous sandstone of 
Mr. Blnnford’s section, and ho considers the limestone also to belong 
to that epoch. Another striking contrast is that the Siwaliks are 
represented as resting completely unconformable on the ed^es of 
lower eocene strata. ” 
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The Plaina. to tlie south of tho actual boundary depends upon tlie view taken 
Effect of the of tho process of disturbance. It is difficult to resist the primd facie 
raised ShvdUks * m P ress h> n from tho sight of au immense thickness of stratified rock 
upon the underlying turned up on eod that great violence must have attended such 
deposits of the J results, and hence that the effects must have extended to far beyond 
plains. the point 41 here such intensity is exhibited. It was upon such 
natural impressions that the cataclysiwd theories of the early 
geologists were founded. In the present case, the plausible 
supposition from such a point of view would be that an elevation 

of the Himalayan area coincident with the contortions of the Siwalik 
strata had first resulted in a great valley of erosion from tho 
mountains to the sen, forming a clean-swept basin for the deposits 
which now form the plains. 

iMtofi rvl import- To give meaning to this seemingly useless discussion it may he 

ftuce of the question, well to point out that it forms the only rational approach to the 
practical question often asked—where in the plains and at what depth 
would there be a prospect of success for an artesian boring. If the 
supposition just noticed might be counted upon, a very favourable 
answer aoul 1 bo given to this question. The base of the deposits 
would then be everywhere within reach ; that base would generally 
consist of coarser materials, such as would form a capacious water- 
stratum ; audit would be in continuous connexion with the present 
upper zone of gravel beds at tho foot of the hills, where copious 
absorption of water occurs. 

Siwalik upheaval Careful observation and reflection are, however, against that 

l ,rol 7 ‘‘>ly very primd facie supposition. It will be shown that before the disturbance 
imitct mltw c ecls ’ of the Siwalik rocks ( i.e ,, during the Siwalik period) the Himalayan 
rivers, great and small, flowed just where they now do in tho 
mountains; so that there is nothing to support the supposition that 
an}' great elevation or violent movement of any kind accompanied 
tho disturbance of the Siwalik rocks ; for they probably wore tilted 
up so slowly that tho main rivers could pari passu erode their 
gorges across the rising strata. Another fact of corresponding 
import is found in the form taken by tho Siwalik strata under 
disturbance. The duns, or longitudinal valleys occurring so con¬ 
stantly inside the Siwalik ranges, are generally formed of the topmost 
Siwalik strata in a more or less horizontal condition, risiug by a 
gradual increase of dip to form the range outside the Mn > while on 
the inner side they either abut abruptly against the rocks of tlie 
inner rauge, or else are bent up sharply to form that range. 
Such a feature strongly suggests the probability that the final limit 
of the disturbance may bo no less abruptly marked ; so that boj-ond 
the extreme verge of tlie vertical Siwalik strata these same strata 
may have remained permanently in their original geullo sloj » ot 
deposition, aud would thus be in conformable sequence with tho 
most recent deposits of the plains within a very short distance of 
tho bills. It is independently intelligible that the slow compressing 
force to which the bending of the strata and the consequent rise ot 
tho bills wore due would expend itself to the utmoBt on each flexure 
before giving rise to a new one. 

Such a prooenH would of course involve great erosion of the 
Siw&lik strata in the immediate region of upheaval; and there is 
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abundant evidence of tills, not only m the river, gorges and he 
deep ravines of the minor streams, but along the whole outer edge 
of the lulls, where, as r. rule, the uppermost gravel beds of the plains 
rest upon the edges of low Siwalik strata near the axis of the flexure, 
the whole of the outer and steeper side of which has been removed. 
Under the supposed conditions of disturbance this denudation would 

not have reached far; so that within a short distance there lmglit 

ho completely conformable sequence between the Siwalik deposits 
aud those of the actual plains. 

One important direct observation has been made upon tlto 
underground constitution of the plains, in the boring' for an artesian 
spriu^at Ambala, to a depth of 700 feet. No gravel bed or other 
water* stratum was met with, and the boring ended in stiff clay. 
If this section could bo taken as representative, it would bo conclu¬ 
sive evidence against the supposition of those deposits lying in n 
simple post-Siwalik basin of erosion ; for the bottom of such a basin 
must at Ambala be within a much less depth than <00 feet, and the 
basal beds in such a basin must as a rule be coarse, porous, and water 
bearing. It is easy to explain a possible exception to this rule; 
and Ambala is just in the position where such an exception would 
bo most likely to occur. It is about 20 miles, from the foot of the 
hills, and this is beyond tho distance to which gravel is now swept 
by the small streams aud the rain-wash on the steeper slopes near 
the hills. It is only within the range of tho great rivors, m the 
deeper parts of the supposed basiu of erosion, that coarse deposits 
must occur somewhere iu almost every section, especially at or 
near the base; and iu river-formed deposits such as theso, the raugo 
of the <n-eat rivers embraces in time moro or less the whole area. 
Ambalnrabout midway between the Jurnuu and the ►Sutlej, ami 
so near tho hills, is just in tho position most likely o escapo that 
influence, as the whole growth of deposits might be directly horn 
the hills or by overflow of finer sediment from the mam rivers 
In this* way there might bo nothing there to mark the bottom ot 
the basin or surface of erosion in so small a section as that given 
by a* boring ; aud thus tho passage from the recent plains deposits 
into beds of"such similar composition as are those of the upper 
Sivvaliks would not be noticed. It can, however, be affirmed that 
the boring did uot reach beds that had undergone any considerable 
disturbance, for tho frequency of alternation of bods iu-the lower 
part of the boring was as great as iu the upper part, whereas a 
very moderate tilting of the lower beds would have given.a per¬ 
ceptible apparent thickening of tho several strata passed thioug i 
by a vertical boring. . . 

There is yet to be taken into account a consideration of g*®at 
weight in this discussion. It was long ago suggested by HeraoMI, 
in seekiug for a prime mover of tho forces by which ciua 
movements are effected, that tho familiar process of denudation 
by the continual removal of matter from steep elevated tniets ami 
the deposition of it iu adjoining low ground evidently disturbs tho 
equilibrium of strain beneath those areas, causing a tendency to 
elevation in tho former nu l to depression in the latter. Kcccnti 

ruoarclNS upou the naturo of tho earth's ngi'lity entirely conform 
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